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more strip for TIWPLATE 








The 21” and 53” x 42” 5-Stand Tandem Cold Strip Mill 
at Velindre, rolling steel strip for tinplate at 5,000 feet per minute. 


“The Velindre Tinplate Mill of the Steel Company of Wales is the most 
modern in the world and has come into operation more quickly and 


smoothly than was to have been anticipated.” 


The Chairman, The Metal Box Company Limited, 
in Statement to Shareholders 21st July, 1958. 
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THE SKEFKO BALL BEARING COMPANY LIMITED *- LUTON: BEDS 
THE ONLY BRITISH MANUFACTURER OF ALL FOUR BASIC BEARING TYPES: BALL, CYLINDRICAL ROLLER, TAPER ROLLER & SPHERICAL ROLLER 
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Have you got 
the right lamps— 
in the 


right places? 


In the very wide range of Siemens Ediswan lamps there is a ‘best’ type, 

size and power of lamp for every place and every purpose. It usually costs 
no more—and may often cost less—to fit the correct Siemens Ediswan lamp 
than to put up with a lamp or a fitting that is ‘near enough’. Look for 

the Siemens Ediswan trademark on your lamp bulbs and fluorescent tubes 
—it’s the badge of the Brighter Light Brigade. But remember, you only 

get the full benefits of membership by having all the right lamps in 

the right places. If you are in any doubt about your lighting arrangements, 
we invite you to make use of our lighting advisory service—without 

charge, of course. 


\EMENs 
Join the brighter light brigade 


EDISWwA™ 


SIEMENS EDISON SWAN LTD. AN A.E.1. COMPANY 
Lamps and Lighting Division, 38/39 Upper Thames Street, E.C.4, and branches. Telephone: CENtral 2332 
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FURNACE TOP_— 


—TO FURNACE 
BOTTOM 


1 ‘L“mpy going’—half-way 
down hearth. 


2 Men removing throat 
armour. 


Cat Traxcavator 
commencing digging, Cast 
House Floor Level. 


4 The two ‘ cats’ meet— 
final ‘ break through’. 


Scenes of operations at No. 1 Blast Furnace 
(photos by permission of John Summers & Sons Ltd., Shotton) 


Furnace blown out 23rd April 1958 
Demolition commenced 26th April 1958 
Demolition completed 13th May 1958 


TOTAL TIME wrecking burden, lining, hearth and bear 
18 DAYS 


(contract carried out in association with Salem Engineering Co. Ltd.) 


Your enquiries are invited. 


AND COMPANY LIMITED 
RAILWAY AND CIVIL ENGINEERING CONTRACTORS 


Head Office : Scotter Road, Scunthorpe, Lincs. 
Phones; Scunthorpe 2308/9 London Croydon 4605 Manchester Irlam 2837 Cardiff 21683 Airdrie Wayside 277 
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Your enquiries are invited. 


AND COMPANY LIMITED 
RAILWAY AND CIVIL ENGINEERING CONTRACTORS 


Head Office : Scotter Road, Scunthorpe, Lincs. 


London Croydon 4605 Manchester Irlam 2837 Cardiff 21683 Airdrie Wayside 277 


Phones; Scunthorpe 2308/9 
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Front and side walls of a Queen Mary boiler in Tri-Mor High Temperature Mould- 
abie, with MR 60 anchors. Burner quarls in Tri-Mor High Temperature Castable. 


TRI-MOR GRADES 


TRI-MOR Standard Castable 


A medium texture refractory having negligible shrinkage 
up to 1,350°C. Suitable for casting special shapes or for 
monolithic structures. Limiting service temperature 
1,350°C. 


TRI-MOR High Strength Castable 


A similar refractory to Tri-Mor Standard Castable, but 
specially developed to have very high mechanical 
strength over the lower temperature range. Maximum 
service temperature 1,250°C. 


TRI-MOR High Temperature Castable 


Suitable for face temperatures up to 1,600°C; has an 
extremely high resistance to thermal shock; used for cast 
in situ monolithic structures and for pre-cast refractory 
shapes; can be applied with a cement gun. 


TRI-MOR High Temperature Mouldable 


A plastic refractory for use up to 1,650°C: low shrinkage 
and a high resistance to spalling. Supplied mixed to the 
correct consistency for installation. 


TRI-MOR Dense “Guncrete” 


A hydraulic setting refractory with a maximum service 
temperature of 1,300°C. It has a high resistance to 
abrasion. Designed for application by cement gun, but 
can be trowelled. 


TRI-MOR Insulating Castable 

An insulating castable for maximum service temperatures 
of 1,200°C; low thermal conductivity is its main feature. 
TRI-MOR Insulating “Guncrete” 


Similar to Tri-Mor Insulating Castable but for applica- 
tion by cement gun. 
Full details of each grade are available on request. 


MORGAN 


efractories Ltd 


For further information please writeto: MORGAN REFRACTORIES LTD. NESTON, WIRRAL, CHESHIRE. TEL: NESTON 1406 
NE 138 
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iron making plant at Aviles 


Head Wrightson were responsible for 

the complete Iron Making Plant comprising 
Ore Handling, Blending, Sintering, 

Blast Furnace and Gas Cleaning Plants, eg 
designed to produce over 1,000 tons 

of pig iron per day. 

Participation in this iron 

and steel works project 

demonstrates Head Wrightson’s 

ability to undertake major 

contracts of this nature 


at home and abroad. 


“HEAD WRIGHTSON 


IRON & STEEL WORKS ENGINEERING CO LTD 


THORNABY-ON-TEES - LONDON - JOHANNESBURG - TORONTO - SYDNEY - CALCUTTA 
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the 
future... 





There is already a pointer, in the fields of 
electronics and nuclear engineering, of the 
way the industrial future is shaping. And 
it is already apparent that the chemists, 
engineers, metallurgists, physicists, tech- 
nologists and craftsmen of The Morgan 
Crucible Company have a big and grow- 
ing part to play in that future. 

For over 100 years now, Morgans have 
moved with (or even a little ahead of) the 
times, with the result that directly or in- 
directly industry throughout the world 
relies on products, components and parts 
developed and manufactured by Morgans. 


MANO) L070. 


of Battersea 


CARBON AND GRAPHITE — ELECTRICAL, CHEMICAL AND 

MECHANICAL; CRUCIBLES, FURNACES, REFRACTORIES; 

RADIO PARTS; SINTERED METAL PRODUCTS AND 
ELECTRIC FURNACE ELEMENTS. 





THE MORGAN CRUCIBLE COMPANY LIMITED, BATTERSEA CHURCH ROAD, LONDON, S.W.!! Telephone: BAT. 8822 


MCC 129/A 
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APPLEBY- 
FRODINGHAM 


®l SECOND INSTALLATION 


— -“m 


195 


PRETORI 
SIXTH IN 1ON 


51 OVENS 


CORBY-DEENE 
FIRST INSTALLATION 


51 OVENS 


GLASSHOUGHTON 


FIRST INSTALLATION 


42 OVENS 


LYSAGHT 
FIFTH INSTALLATION 


23 OVENS 


66 OVENS 


BAIRDS 


SECOND INSTALLATION 


37 OVENS 


MURTON 
FIRST INSTALLATION 


PRETORIA 
FIFTH INSTALLATION 


51 OVENS 


REDBOURN 
THIRD INSTALLATION 


62 OVENS 


VANDERBIJL PARK 
THIRD INSTALLATION 


55 OVENS 
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NEW 

coking plants 
under 
construction 


The batteries of the second installation of W-D Koppers 
Coke Ovens for the Appleby-Frodingham Steel 
Company now nearing completion. 

The carbonisation capacity of the two new batteries 

of 33 Ovens is 1330 tons of coal per day. The previous 
installations of W-D Koppers and Koppers Ovens 

each have two batteries of 33 Ovens wih similar 
carbonising capacities. 

The latest installation includes a new ovens bunker 
with additions to the coal and coke handling plants 

and extensions of the by-product, benzole and 

boiler plants. 


WOODALL @ DUCKHAM 


Construction Company Ltd. 


Woodall-Duckham House, 63-77 Brompton Road, London, S.W.3. Tel: KENsington 6355 (I4 lines) Grams: Retortical (Southkens) London 
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DESIGN, MANUFACTURE AND INSTALL 


Conveyors Feeding Iron Ore 
to Blast Furnace Bunkers. 


Ore Plants 

Fuel Plants 

Bulk Handling 

Belt Conveyors 

Belt Conveyor Idlers 
Slat Conveyors 
Scraper Conveyors 
Chain Conveyors 
Portable Conveyors 
Roller Conveyors 
Bucket Elevators 
Swing Tray Elevators 
Skip Hoists 
Vibrating Screens 


MOXEY LTD 


13 AUGUSTUS ROAD 
BIRMINGHAM 15 


Also at LONDON, GLASGOW, 
MONTREAL, MELBOURNE 
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FOUR ROLL PINCH 


FOUR ROLL Pinch Type 
UNIVERSAL 

PLATE BENDING & 
STRAIGHTENING 
MAGHINE 


with SLIDING TOP ROLL 








PYRAMID 


Set your edges, 
bend and flatten 


in the new 2 5 
‘*EQUR MA CHINES IN ONE” FOUR ROLL FLATTENING 


by a eIGWODD a ry 


JOSHUA BIGWOOD & SON LTD 
WOLVERHAMPTON - ENGLAND 


Scottish Agents: Smail Sons & Co., 62 Robertson St., Glasgow, C.2 
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main 


GOPPEE contractors 


Please write for further details to: 


THE COPPEE COMPANY 


COPPEE HOUSE - 140 PICCADILLY 
LONDON W.] Telephone: HYDe Park 680! 


for 


all surface 


reconstruction 


at 


HAFODYRYNYS MINE 


This comprehensive contract for the National 

Coal Board embraces: 

* Complete coal preparation plant incorporat- 
ing heavy medium plant using slimes tailings, 
Baum plant and flotation plant. It will handle 
the output from 3 pits and clean coal at the 
rate of 300 tons per hour. 

All other surface buildings — workshops, 
compressor house, lamp cabin, railway plat- 
form etc. 

Pre-stressed concrete bridge over valley con- 
necting the mines; 2 miles of reinforced 


concrete retaining walls; roads; sidings etc. 


(GREAT BRITAIN) LIMITED 


Telegrams: EVCOPPEE, NORPHONE, LONDON 
GLASGOW: 121 DOUGLAS STREET, C.2 
NEWCASTLE-ON-TYNE : MANSION HOUSE CHAMBERS, THE CLOSE 
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As from the 4th October 1958 


CARBLOX LTD. 


becomes a wholly owned subsidiary of 





THOMAS MARSHALL & CO. (LOXLEY) LIMITED 


* 


Old and new users of 


Carbon Bricks & Blocks for Blast Furnace 





Linings, Tank Linings and Digestors 


should now send their enquiries to 


CARBLOX LTD. 


STORRS BRIDGE WORKS 
LOXLEY Nr. SHEFFIELD 


TELEPHONE : - - SHEFFIELD 343844/5/6 
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TRIUMPHS OF SHELL RESEARCH...3 


sentry-go at Bradwell... 


The crucial points of the high pressure CO, coolant 
circuit at Bradwell will be the blower shaft seals. 
Every minute of every working day Shell APL blower 
oil will guard these escape points—being continually 
pumped into the seals and bearings, led away, purified 
and recirculated. 

This very remarkable oil presents a two-way seal. 
Outwards, there is a minimum CO, loss as the oil has 
the lowest possible gas solubility. Inwards, in spite 
of the heat of the gas, oil vapour contamination is 
negligible thanks to the extremely low vapour pressure 
of the oil. 

The research that went into APL blower oil is 
characteristic of the way Shell set about doing things. 
It was conducted at Shell’s Research Centre at 
Thornton in close collaboration with the U.K. A.E.A. 


The Research Story 


Though the sealing action demanded of Shell blower 
oil is common in other industrial equipment such as 
hydrogen-cooled alternators, there were quite a few 
additional problems. It was necessary for the oil to 
have long life, low vapour pressure, low gas solu- 
bility, good thermal stability and high film strength 
—to be able to withstand high temperatures and 
to be resistant to all kinds of corrosive influences, 
including carbonic acid. The crux of the research 
was to combine all the above requirements into 
one oil, in order to minimise back diffusion of 
molecules which would contaminate the reactor. 


and the blower manufacturers. In the course of much 
fundamental research, a wide range of oils was 
subjected to vapour pressure and gas solubility tests in 
the laboratory. Selected oils from this range were used 
in the bearings and seals of a blower rig. In 1956, after 
four years of research, the finished product joined the 
Shell Atomic Power Lubricants range—marketed 
under the name of Shell APL 729. This oil has been 
in use at Calder Hall since the autumn of 1956, 


The moral of the story is that Shell research is 
supremely applicational. The Centre at Thornton 
is always ready to work with even the most specialised 
sectors of industry to produce the right oil for the job. 
If you and your organisation have any major lubrica- 
tion problem it pays to get in touch with your local 
distributor of Shell Industrial Lubricants. 


BRADWELL NUCLEAR POWER STATION, AN ARTIST'S IMPRESSION, 


ATOMIC POWER LUBRICANTS 


another proof of Shell leadership in lubrication 
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Scrap clearance.. 


ia 


BIRMINGHAM 


Scapa Works 
Langley Green 
Oldbury, Birmingham 


Tel: Broadwell 1611 


MANCHESTER 


Frederick Road 
Pendleton 
Salford 6 


Tel : Pendleton 2481 


LIMITED 


SHEFFIELD 


Stevenson Road 
Attercliffe 


Tel: Sheffield 41216 


Also at Newcastle, Bedford, Cardiff, Bow, Coventry etc. 


G& Rk @ oye 


JOURNAL OF THE 


LONDON 


Scapa House 
Park Royal Road 
London N.W.10 


Tel: Elgar 5811 
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CHOOT OLLS 


NOW AVAILABLE WITH 


NECKS TREATED 
WITH 


Molybdenum Disulphide 


providing a 


TENACIOUS, LOW - FRICTION FILM 
giving 


IMPROVED RUNNING-IN PROPERTIES 


with subsequent 


RESISTANCE TO SCGUFFING, 
OVERHEATING AND OXIDATION. 





A complimentary Closeloy Roll Service available from ee 


ARMSTRONG WHITWORTH (METAL INDUSTRIES) LTD.  ciose Works, Gateshead, 8. Co. Durham. 


IN ASSOCIATION WITH JARROW METAL INDUSTRIES LTD., WESTERN ROAD, JARROW. 
15 
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Steel Works "x, 


Contactor 


One of the many control boards together with Contactor Switchgear Limited manufacture 
automatic electric control gear (up to 6,600¥. 
A.C. and 650v. D.C.) for Power Station 
Auxiliaries, Steel Works, Water Works, Roll- 


ing Mills, Sewage Works, Chemical Plants, 


control desks supplied to The Steel Company of 
Wales Limited for the Coiling, Cut up and 


Finishing Lines at their Abbey Works. Gas Works and Cement Works, including 


Cranes, Electric Furnaces, Machine Tools, 


Fans and Pumps. 


May we have your enquiries for steel 


works automatic control gear? 


CONTACTOR SWITCHGEAR LTD. 


BLAKENHALL - WOLVERHAMPTON - ENGLAND 
Telephone: Wolverhampton 2591 | /7 Telegrams : TACTORGEAR Wolverhampton 
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ADAMSON-ALLIANGE CO. L’ 
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in 1; seconds' 

















A small lever is moved~—and 58 tons of armature reverse. 
From a base speed of foyer) way to 50 r.p.m. in the [ 
opposite direction. In 1 seconds. This giant G.E.C. 5,000 hp. 

mnie is driving a cogging mill at the Redbourne Steel | 


Works of Richard Thomas and Baldwins Ltd. It typifies se i 


the speed and precision of the electric drive. 





Less spectacular than the mammoth motors. but equally | ior 


important to steel production are the many hundred auxili- 
ary’ drives operating in a modern works where idetemmpaneetel-in 
reliability ,is essential. Here, again, most of the handling ae e 
requirements subject the equipment to very severe stresses. 


G.E.C. motors are as tough as the jobs they're designed to do. 
| : 


rolling mill motors. 


TRS GENE RAL ELECTRIC COMPANY ge ENGL AND 
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‘St. Lawrence’ 


TRADE MARK 


Ferro Silicon 
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ITISH a7 silicon 


“St. Lawrence” Ferro Silicon is available for immediate despatch from our 
many storage depots in the United Kingdom. Whatever your requirements, 
we can deliver into your works the next day if necessary. This del- 
ivery service is backed by our team of experienced field metal- 
lurgists who are ready to give technical assistance when 
required. And bear in mind also that whenever you buy 
“St. Lawrence” Ferro Silicon you are not only using 
the finest material available to-day, but also the 
product of British labour from a British 
plant. So buy British it’s the very best. 


ei ite). 
CARBIDE 


—ferro alloys and metals— 
ALLOYS DIVISION—UNION CARBIDE LTD., 
103, Mount Street London W.1. 


The terms “St. Lawrence” and “Union Carbide” are trade marks. 





In 1948 ee 


by 1958 over B{Ol@) 


AUSTEEL-ESCHER METALLIC RECUPERATORS 


designed and installed by SecA 
in Great Britain alone 























Success 
story 

in 
figures 
Showing how 











in 10 years the 
Austeel-Escher 
Metallic Recuperator 
has become 
recognised as 

one of the most 
effective means 

of furnace 

waste heat 

recovery. 


Ss. STEIN & ATKINSON LTD. LONDON 


A 
eS Broadway/sa 28 
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keeping pace with the ‘BIG BUILD-UP’ 


T H E M ic H ! G A he M ET H 0 D has created a new approach to the handling of 


bulk materials, and already several famous firms in the Steel Industry are proving the superiority of 
Michigan rubber tyred tractors in power, speed of operation and carrying capacity. 


T H E M | C H | G A N R A N G E offers the most comprehensive choice available of 


tractor shovels, tractor dozers and scrapers of varying power and capacity to meet your particular 


requirements. 


Fast mobile demonstration tractors 
are located throughout the country and 
can be driven straight on to your site 
for trial. A telephone call will bring 
you full details by return. 
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MICHIGANS ARE 
ON THE MOVE 


For stocking out and reclaiming in the 
coal yard, the ore yard or the slag tip, 
rubber tyred Michigan Tractor Shovels 
are unsurpassed. 

These big-capacity, versatile and man- 
oeuvrable machines can operate and 
move easily anywhere within the works 
area. By getting through more work per 
day, Michigans provide the logical 
solution to the problem of handling 


bulk materials more economically. 


THE MICHIGAN RANGE 


TRACTOR SHOVELS 
Model 75A 80H.P. Bucket capacity 1} cu. 


Model 85A 92 H.P. Bucket capacity 1} cu. 

Model 125A 120 H.P. Bucket capacity 2 cu. 

Model 175A 133 H.P. Bucket capacity 2? cu. 

Model 275A 260 H.P. Bucket capacity 4 cu. 

Extra light materials buckets available up to 
8 cubic yards capacity. 


TRACTOR DOZERS 


Model 180 165 H.P. Blade width 10’0” 
Model 280 260 H.P. Blade width 11°9” 
Model 380 375 H.P. Blade width 14/0” 


MICHIGAN TRACTORS ARE 
BUILT IN GREAT BRITAIN 


Send for our brochure 

which gives full details of 
the Michigan Range and 
the Michigan Method of 


bulk materials handling. 


(GREAT BRITAIN) LIMITED 
Home and Export Sales Division : 
3-5 Charles I! Street, S.W.I. Tel: Trafalgar 1092 
Works and Service : 
Yorktown, P.O. Box No. 3, Camberley, Surrey 
Tel: Camberley 3420/7 
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now arriving... 


Steel castings produced from Birlec 
furnaces are a major factor in 
railway reliability. The steelfounder 
can meet specifications with every 
heat and keep his production up to 


schedule with Birlec furnaces. 


A gD 


: 


BIRLEC ARC FURNACES for 
steelfoundry applications provide 
rapid top-charging, high melting rate 


and instant, flexible power control. 
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ADVERTISEMENT 


November, 1958 


Electrical Aids in Industry 


Electro-Heat 


The ways in which electricity can be used to 
advantage in industry are many and varied. Some 
are well known but others are not known well 
enough. Forthis reason the Electrical Development 
Association has prepared a series of detailed data 
sheets on various applications which will be 
printed in this journal from time to time. 

This Data Sheet is the first of a number devoted 
to electro-heat—that is, heat produced by electricity 
for the processing and treatment of materials. Other 
uses will be dealt with later on in the series. 

There is an unalterable physical law that the 
efficiency of conversion of electrical energy to heat 
energy is 100 per cent. The same cannot be said 
of the efficiency of combustion of any solid or 
liquid fuel. 

All the applications of electro-heat have these 
advantages in common :— 

1 Electro-heat is clean both in regard to its 
application and the method of generation. 

2 It can easily be controlled more precisely than 
any other form of heat, manually or automatically. 
3 It can be brought to the job instead of having 
the job brought to it. 

4 It permits better use of floor space and the 
elimination of unnecessary handling. 

5 In many of the newer processes it is the only 
possible form of heat which can be used. 


6 It often ensures a higher quality of products 
with fewer rejects. 


7 It gives the best working conditions. 


8 It reduces or eliminates fire and explosion 
hazards. 

Below will be found brief notes on some of the 
various methods of generating heat by electricity. 


Resistance Heating 

This is the best known form of electric heating. 
The elements provide a high 

resistance to the passage of 

electricity and thus heat is 

generated. It can be used in 

furnaces for melting or heat 

treatment of any material whether metal or not, or 
the resistance of the workpiece itself can cause the 
generation of heat. 


Induction Heating 

Eddy currents are induced in 
the surface of a conducting 
workpiece, heating it up. The 
depth to which this heating 
will penetrate is devermined 
by the time it is given. 


vi/’e 
_ - 
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Data Sheet NO.1 


High-frequency Dielectric Heating 

This form of electro-heat can be used only on 
non-conducting materials such as wood, plastic 
and rubber. The material is placed between two 
electrodes to which a high 
voltage is applied at a high 
frequency. This has the effect 
of generating heat inside 
the material rapidly and uni- 
formly throughout its entire 
thickness. 

















CUM dd 


Infra-red Heating 

This method employs pure radiant heat. The 
bulk of the radiation takes place in the infra-red 
portion of the radiation frequency spectrum. The 
heaters may take the form of reflector lamps or 
sheathed wire elements. The method is extremely 
flexible and has many uses, including paint drying 
and pre-heating plastics. 


ANAS 


444% 





= a és 
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Arc Melting 


This form of heating is chiefly used for melting steel. 
The diagram illustrates one method of operation. 














Very large charges can be melted; melting units of 
200 tons capacity are now in operation. 


The Application of Electro-Heat 

All these methods of electric heating can be 
applied in almost an infinite variety of ways. Some 
of these ways will be dealt with in subsequent sheets. 





For further information, get in touch with 
your Electricity Board or write direct to the 
Electrical Development Association, 2 Savoy 
Hill, London, W.C.2. 

Excellent reference books on electricity 
and productivity (8/6 each or 9/- post free) 
are available—“Induction and Dielectric 
Heating” is an example; “Resistance Heat- 
ing” is another. 

E.D.A. also have available on free loan a 
series of films on the industrial use of 
electricity. Ask for a catalogue. 














Thornton 


Engineers and Contractors 


We design and manufacture :— 
Equipment for CokeOvens, Blast Furnaces 
and Open Hearth Plant. Rolling Mills for 
the Ferrous and Non-Ferrous Industries 
and Rolling Mill auxiliaries. Plate work. 
Bogies of all kinds for carrying light or 
heavy loads. General Engineering work 
of various kinds. 


Special 

Gear Box for 
Continuous 
Rolling Mill 


Gear Box for 
Continuous Rolling Mill 


We shall be glad to quote 
against your requirements and specifications 


B. THORNTON LIMITED 


Turnbridge, Huddersfield. Phone. Huddersfield 7541 
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VISCO 


AIR FILTRATION 


For nearly 40 years we have been designing 

Left: One of five “ Reci- and manufacturing Air Filters for use in the 
projet’ Self-Cleaning Air ventilating and air conditioning systems of 
Filters, total capacity re " ‘ 
118,000 c.f.m. at the Albion Uildings, ships, rail coaches and the ventila- 
Works of The Briton Ferry tion of electrical equipment in steelworks, 
Steel Co. Lid. power ‘stations, collieries, etc. ‘‘ Visco "’ Air 


Filters are divided into three main groups. 


“* Static”? Cell oil-wetted Filters 
These are robust units of all-metal construction 
and of standard dimensions and can be built up 
in panels of any air capacity desired. ‘ Visco”’ 
Static Air Filters are used the world over in the 
ventilation of buildings and on diesels, air 
compressors and diesel/elec. locos. 


“Dry” Cell Filters 


This type is designed for use in the air con- 
ditioning of operating theatres, research 
laboratories, photo processing rooms and 
other places where anatmosphere entirely free 
from dust is essential. In some installations 
‘*Visco”’ Dry Cell Filters are used in conjunction 
with our Static Cell type. Both are of the same 
size. 


Self-Cleaning Air Filters 
The ‘‘ Visco’”’ Patent ‘“‘Reciprojet’’ Self-Cleaning 
Air Filter has proved most successful for the 
Above : Five “‘ Broomwade”’ Air Compressors fitted with ventilating of elec. machinery in steelworks, 
“* Visco”’ Static Cell type Air Filters, at the Luton Factory collieries and other places where the air is 
of Vauxhall Motors Ltd. heavily laden with dust. Its salient features are :- 
two-stage filtration, auto time switch control, 
Bottom: “ Visco” ** M.V. ~ Dry Cell Air Filter. The photo on the 


cleaning of cells by reciprocating oil jets and 
left shows the ease with which the filter medium can be fitted. That on igs g - Y 'p g J 
the right shows a complete unit. positive prevention of oil carryover. 


We invite enquiries on any matter relating to 
Air Filtration and Ventilation. 
Write for Air Filter List No. 562. 


50:1 ARGON 4) (E11. 1-44-01) (CGO Mm MOM BEV 1 1@),400 20).\ 0G 1@) 4010), 
also makers of Dust Collecting & Fume Removal plant and Water Coolers. Shone : CROYD ON 41 8 | 
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ITREOSIL 


PURE FUSED SILICA 


. 


VITREOSIL 
DIPPING TUBES 


Casting temperatures are critical ! 
g 


Vitreosil, pure fused silica, sheaths 
used in the Quick Immersion 
Thermocouple Technique have 
obviated erratic judgement of 
casting temperatures in modern 
steelworks and foundries all over 
the world. A single dip into 
the molten metal gives the true 


We also manufacture an extensive 
temperature in seconds. 


range of Vitreosil Laboratory Ware. No mone ieject coltings through 
too hot, or too cold tapping, if you 
turn to Vitreosil — for accurate, 
up-to-date control. 


THE THERMAL SYNDICATE LTD. 


P.O. BOX No. 6 WALLSEND, NORTHUMBERLAND. Tel: Wallsend 63242 
LONDON: 12-14 OLD PYE ST., WESTMINSTER, S.W.1. Tel: Abbey 5469 
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OVER 300 CARS IN OPERATION 


IN VARIOUS PARTS OF THE WORLD 


MIXER CARS 
HOT METAL LADLE CARS 


@ HOT METAL MIXER CARS FOR THE SAFE AND 
ECONOMICAL TRANSPORT OF MOLTEN METAL 


@ LARGEST CAPACITY CARS ARE WITHIN STANDARD OTHER specuuines 
RAILWAY LOADING GAUGE 


HOT METAL CAN BE RETAINED IN PERFECT ee eee 

e . 

CONDITION FOR HOURS PITS (Isley Controlled) MILL FURNACES 
CAPACITIES FROM 75 TO 160 TONS TYPHOON ROTARY FLAME GAS 


@ MINIMUM OF SKULL AND SCRAP LOSSES a: * a ere 


NASSHEUER CONTINUOUS BRIGHT 
@ MAXIMUM LIFE OF BRICKLINING PER TON OF 
HOT METAL ANNEALING FURNACES (Sole Licensees) 


THE INTERNATIONAL CONSTRUCTION CO. LTD. 


(Successors to Julian Kennedy, Sahlin & Co., Ltd.) 


56 KINGSWAY - LONDON °- W.C.2 
Telephone: HOLBORN 1871-2 Telegrams: SAHLIN, WESTCENT 2 LONDON 
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Accurate 
temperature control 


The use of Platinum v Rhodium/Platinum Thermo- 
couples within the steel industry has greatly assisted in 
the production of finer, more uniform steels, by provid- 
ing a more accurate and reliable method of temperature 
determination than was formerly possible. 

The manufacture of rare metal Thermocouples is 
unusually exacting and demands exceptional attention 
to purity of materials and strict scientific control at 
every stage of processing and testing. 

By the exercise of such controls and the use of the 
highest purity metals the Thermocouples manufactured 
by the Baker Platinum Division of Engelhard Industries 
Limited have been proved to be of the highest possible 
quality, conforming in every respect to the Reference 
Tables given in B.S. 1826 - 1952. 

Calibration/ conversion wall chart for platinum v 10% or 


13% Rhodium/ Platinum available on request. 


s2 HIGH HOLBORN LONDON WC1 


Photograph of a quick immersion thermocouple in use in an 
open neurth jurnace, shown by courtesy of Appleby-Frodingham 
Steel Co. Lid. 


% The resources of BAKER 
RESEARCH are available to assist 
in the use and development of the 


Platinum group metals. 


PRECIOUS METAL 
Thermocouples 


BAKER PLATINUM DIVISION 
Telephone: CHAncery 8711 
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PAINT 


Continual stoppages for repainting can be the costly result 
of using unsuitable or inferior materials. 
Save precious ti me BPL Machine Enamels, correctly chosen from the compre- 
hensive range according to the conditions obtaining, 
e is save hours of time and make a positive contribution 
in the Machine Shop towards a non-stop assembly line, increased output 
and consequently an uplift in morale. 
Where special resistances are needed (to the action of 
chemicals or heat for example) or a new type of 
machine is to be coated, or even if it’s just a case of 
repainting existing machinery, specialist advice 
is most desirable; call in our Technical Advisory Service— 
Example BPL Paint Systems it is free and without obligation. 


TYPE OF FINISH | FIRST COAT | SECOND COAT | FINISHING COAT 


} 

es 
B.P.L. Zinc Chromate eS : ‘Ferreko’ Machiner: 
Normal Gloss Metal Primer Universal’ Undercoat Enamel . 











Resistant to Heat B.P.L. Heat Resisting B.P.L. Heat Resisting B.P.L. Heat Resisting 
(up to 350°F.) Primer M.P.34 Undercoat Enamel 


Resistant to Cutting ‘Torpedo’ Wash Primer ‘Tenaceros’ ‘Tenaceros’ 
Oils (also mild acids for Steel Chlorinated Chlorinated 
and alkalis) (Single Solution) Rubber Paint Rubber Paint 























BRITISH PAINTS LIMITED > Industrial Maintenance Division 
PORTLAND RD., NEWCASTLE UPON TYNE, 2 - CREWE HOUSE, CURZON ST., LONDON,W.1 


Belfast, Birmingham, Bristol, Cordiff, Glasgow, Leeds, Liverpool, Manchester, Norwich, Plymouth, Sheffield, Southampton, Swansea and all principal towns. erc/im.s9 
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Slabbing and Blooming Mill at Consett. 


GOMSETLT STEEL 


Plain Plates, Chequered Plates, 
*“Supertread’’ and ““Supergrip”’ pattern 
Floor Plates. 


Billets, Blooms, Slabs. Special Steels. 
Light Angles, Flats, Founds, Spring Steel, 
Hot Rolled Strip. 


REFRACTORY BRICKS AND CEMENTS. 


CONSETT IRON CO. @ 


LIMITED 
CONSETT - CO. DURHAM - ENGLAND SS 


TELEPHONES: CONSETT 34! (12 LINES). TELEGRAMS: STEEL, PHONE, CONSETT. 
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NMobtux Gréasé. is a \ithium-base 
lubricant of excellent structural stability and 
purity. It is a new, general-purpose grease 
superseding conventional greases. It provides 
effective lubrication for the majority of grease 
applications over a temperature range from 
minus 20°F to 250°F. It is exceptionally resistant 
to water washing and contains special 
additives to prevent rust formation. Both in 
the laboratory and in the field Mobilux Grease 
has proved its outstanding efficiency as a 


lubricant and protector. 


MOBILUX 
GREASE 





Mobil MOBIL INDUSTRIAL LUBRICANTS 
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THEY GAN GAN COAL IN FRANGE 


harbonnages de France (the French coal authority) 

have found a clean, easy way to deliver coal—by 
packing it in corrugated sheet steel. This pack is a 
specially designed triangular jerrican holding 33 pounds 
of coal. The coal is delivered in the can, to be tipped from 
it straight into the stove or grate, thus avoiding the dusty, 
dirty shifting of coal from sack to cellar to scuttle to fire. 





STEEL’S VERSATILITY 


This is only one example of the many uses of sheet steel. 
Others more familiar (though no less enterprising) include 
sheet steel for railway carriages and wagons; guttering and 
steel ducting; kegs, drums, cans and cisterns; oil stoves, 
washing machines, refrigerators and office furniture. 

The motor car industry in particular has used the increas- 
ing versatility of sheet steel to good advantage. The strength 
and flowing lines of today’s motor car body reflect the 
continuous improvement in steel qualities to suit modern 
press shop practice. 























CONSISTENT QUALITY 


Powerful presses shape a flat sheet of steel in smooth curves 
and crisp contours forming body panels, wings and doors— 
strong, light and free from distortion. Pressings such as 
these with their bold moulding and intricate detail require 
steel of consistent quality and ductility. 

By its concentration on the wide continuous strip mill 
process, The Steel Company of Wales has been able to 
supply such steel in the necessary quantity, thus making a 
substantial contribution to the development of the motor 
car industry. 


INCREASING QUANTITY 


The Steel Company of Wales was specifically formed to 
meet the growing demand for high quality steel of this type 
and it already makes over one-third of Britain’s sheet steel. 
Research and development continue: new plant, planned 
and under construction, will push production up and up. 

It has always been the policy of The Steel Company of 
Wales to pay particular attention to customers’ specific 
problems, and to ensure that its products are “tailor-made” 
to individual requirements. If you have an industrial prob- 
lem which sheet steel might help to solve, it will be worth 
your while to write to us or telephone Port Talbot 3161. 
We believe we can help. 


THE STEEL COMPANY OF WALES LIMITED 


Steel Division: Abbey Works, Port Talbot, Glam. Telephone: Port Talbot 3161. Telegrams: Steel, Port Talbot 
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ivil & Mechanical Engineering Contractors 


William Press and Son Ltd. 
offers industry a comprehensive and 
countrywide service in the fields of 


Civil Engineering 
Pipeline Construction 
industrial Pipework 
Pipework Fabrication 
Plant Erection 


The Company, backed by 44 
years’ experience, operates 
from eleven depots situated 
at key points throughout the 
United Kingdom, and is 
directed and staffed by men 
of the highest technical 
ability and standing, thus 
ensuring complete success 
with whatever work is 
entrusted to it. 





oe ‘WILLIAM PRESS & SON LTD. 


ENGINEERING 1} | a 22 Queen Anne’s Gate, Westminster, London, S.W.!. 
game apne } § Tel: WHitehall 5731 (7 lines) "Grams: Unwater, Parl, London 


4. 


ti <a Willoughby Lane, Tottenham, London, N.17. 
aa , Tel: TOTtenham 3050. ’Grams: Unwater, Southtot, London. 
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Newalls 


REGD. BRAND 


NONPAREIL and NEWPAREX 
INSULATING BRICKS 


of the matter 


THE SUREST WAY TO WASTE HEAT from your furnaces and boiler 
settings is to ignore the need for suitable insulation. 

That the use of insulating bricks will prevent this waste has been 
known for some time, but the increasing cost and the growing 
necessity for fuel conservation has now made it impossible to 
disregard such waste. 

By the proper use of insulation, even temperatures are maintained, 
thus ensuring that no materials, heat, time or money are wasted. 
Newalls research organisation is continually experimenting with, 
and developing, heat control to attain the highest degree of 
efficiency to any particular boiler or furnace installation. Thus 
Newalls technical consultants can give you on-the-spot assess- 
ments of costs and efficiency to suit your needs. 


NEWALLS INSULATION CO. LTD. 
Head Office: Washington, Co. Durham. 

A member of the TURNER & NEWALL ORGANISATION 
Offices and Depots at LONDON, GLASGOW, MANCHESTER, 
NEWCASTLE UPON TYNE, BIRMINGHAM, BELFAST, 
BRISTOL AND CARDIFF. Agents and vendors in most markets abroad. 
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Hunnex provides the answer to thermal 
and mechanical spalling problems, 
ensures maximum furnace availability. 

Used in the “Target Areas’ of open- 
hearth furnace roofs, Hunnex gives balanced 
roofwear and reduced maintenance costs. 

Hunnex is made in standard squares, 
open hearth and electric furnace 
roof blocks and special shapes for 
the Glass and Carbonising Industries. 
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Extremely 
low porosity 
and 


permeability 


HUNNE, 


THE WEST HUNWICK Extra Special SILICA BRICK 


‘ : A , 
HUNNEX’ the name that's got around the industries 


f eS THE WEST HUNWICK SILICA & FIREBRICK COMPANY LTD. 
Send your enquiries to :— 
HUNWICK, CROOK, CO. DURHAM. TELEPHONE: CROOK 200. 
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ENSION ? 














Space/time ? In a casting, or a forging, a tiny space unfilled 
will destroy, if it is not found in time. 

Member Companies of the Birfield Group were some of the 
earliest in this country to install regular X-ray examination 
of their products as the 4th dimensional check on the quality 
of their productions. Up-to-the-minute methods are part of 
the secret of Birfield Group success. Every Member Company 
of the Group is backed by the resources— manufacturing 


and technical—of every other company in the Group. 


icc 
Forgings for high-stress components 





through the Birfielid Group 


BIRFIELD INDUSTRIES LTD aid STRATFORD HOUSE - LONDON - W.!I 
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A glance at these unique advantages The versatility of Ferobestos, an 
shows why more engineers are asbestos-reinforced plastic 
specifying Ferobestos material, opens up an 

extremely wide range 


great physical strength sommes platnee mints: 
high strength to weight ratio 

high temperature resistance 
low moisture absorption 
good chemical resistance 
high wear resistance 

good electrical resistance 
high dimensional stability 
low coefficient of friction 


Bushes 

Coupling Discs 
Bearings 

Gears 

Piston Rings 
Wearing Slippers 
Mounting Pads 
Compressor Blades 
Thrust Washers 


Ferobestos is available 

in a number of special grades 
including silicone impregnated 
for greater heat resistance and 
graphite impregnated for 
more efficient lubrication. 


Ferobestos can be supplied from 
stock in sheets, rods, and tubes. 
Special mouldings, where quantity 
justifies the cost, can be made to 
order. Write for fully detailed 

and illustrated leafiets. 








J. W. ROBERTS LTD 


Chorley New Road, Horwich, BOLTON: Tel: Horwich 840 Branch Sales Offices: LONDON, GLASGOW, BIRMINGHA M, LEEDS. 
A Member of the Turner & Newall Organisation 
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ROLL-CALL 


. . - Clear chill . . . considerable 
work-hardening capacity .. . 





resistance to tail marking .. . 





- Such are the properties of “‘ NICHILLITE’’ ALLOY CHILL ROLLS — one of the products of 


THE BRITISH | «22». 


WHIFFLET FOUNDRY, COATBRIDGE 
SCOTLAND. Tel. COATBRIDGE 425 


C. AKRILL LTD. 
WESTON RD., CREWE. Tel. CREWE 3412 


THOMAS PERRY LTD. 


HIGHFIELD WORKS, BILSTON 
CORPORATION | os tsoxt= 


MIDLAND ROLLMAKERS LTD. 


L | M a poorest capri CREWE 
Rolimaners Pee Oe scone se 


ORPORATI On} 





Fa iacaonn } 


LONDON OFFICE: 38 VICTORIA STREET S.W.1 Telephone ABBey 6407 


@ wees Nhe B.R.C.31 
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d reasons 
you should use these 
OLLER GUIDES 
in your bar or wire 
rod mill 


v The entry friction guides are rigidly 
clamped into the guide box. They are intended 
to lead the oval to the groove in the roller, to 
protect the rollers against overloading, and to 
straighten bent rods. 

The groove in the entry guides is made about 
1/8" wider than the oval. 





&y The rollers are mounted on leaf springs, 
which can be adjusted by means of the screws 
“B”, and hold the oval steadily even if there 
should be some slight variation in the thick- 
ness of the oval. 


© If the thickness of the oval should vary, 
the springs of both rollers yield an equal 
amount, so that the oval remains in the centre 
of the groove. 


4 To tilt the oval, the screws “A” are ad- 
justed. One roller will then be lifted as much 
as the other is lowered. 


5] As the oval is held very rigidly, the lead- 
er oval for wire rod may be thick, unless 
other circumstances call for a thinner oval. 


6 | The roller guide assemblies are narrow, 
and all screws that require adjustment during 
rolling are accessible from the front of the mill. 
No lateral space outside the guide box is there- 
fore required for gaining access to the set 
screws, and the guide box assembly can thus 
be located close to the mill housing. 


Nos. 125 and 155 roller guides fitted in a 27 1/2 in. (700 
mm.) diameter, three-high stand for rolling 2 3/4, 3 3/16, 
3 9/16, 4, 4 3/8 and 4 7/8 in. (70, 80,90, 100, 110 and 
124 mm.). 


7] As the groove in the entry guides is wide 
and nothing but rolling friction acts on the 
oval, the latter is very easily introduced into 
the pass, and there is practically no risk of 
scratching the bar. 


© The roller guide may be used not only 
for leader and drawing oval passes but also for 
edging flats as well as for rolling squares, hexa- 
gons, octagons and various other sections, for 
instance in reduction passes for hexagon. It is 
suitable for all types of rolling mill. An impor- 
tant advantage is that the roller guide enables 
repeaters to be used in rolling plump leader- 


Practically speaking, every bar and 
wire rod mill in Scandinavia uses rol- 
ler guides of our design. 


For the complete story — 
send for your copy of Bulle- 
tin L3-1E. 


ORGARDSHA i TADS AB « MORGARDSHAMMAR ¢ SWEDEN 


a nookakeae Ludvika. Sweden 
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QUALITY STEELS 
IN THE NUCLEAR FIELD 








Springs for Constant Support Hangers 
by SALTER of WEST BROMWICH from PARK GATE Steel 


for BRITAIN’S 
NUCLEAR POWER STATIONS 





THE PARK GATE IRON & STEEL COMPANY LIMITED ROTHERHAM 


A @ Company TELEPHONE. ROTHERHAM 2141 (10 lines) © TELEGRAMS. YORKSHIRE, PARKGATE, YORKS 
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Photograph by permission of Richard Thomas and Baldwins. An installation incorporating 300 ft. of ‘ENGLISH ELECTRIC’ 
control boards for the operation of the new continuous galvanising 
line at Richard Thomas and Baldwins’ Ebbw Vale Works. 


The future of the Metal Industries depends more than ever on the up-to-date design of 
control gear. “ENGLISH ELECTRIC’ have developed power and control schemes for leading 


rolling mills throughout the world for more than half a century. 


Still pioneering today, the Company’s engineers offer new techniques including: 


Fully automatic programming for hot reversing mills 
Automatic gauge control and slow-down for cold mills 


Comprehensive control for all process lines. 


If you have a problem on control gear, ‘ENGLISH ELECTRIC’ experience is available 


for its solution. 


ENGLISH ELECTRIC 


THe ENGLISH ELECTRIC Company LIMITED, MARCONI HOUSE, STRAND, LONDON, W.C.2 
Metal Industries Division, Stafford 


WORKS: STAFFORD + PRESTON + RUGBY * BRADFORD «+ LIVERPOOL «© ACCRINGTON 
MT.5018 
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OVERHEAD 


GRABBING 


This crane is one of two specially designed 
for heavy duty grabbing service in one of the new 
super power stations. The Cranes are 
operating in the open, and special attention 
has been given to weather-proofing and positioning 
of the units for easy access. 





JOHN SMITH (KEIGHLEY) LTD \ on: a: es 





P.O. BOX2!1* CRANE WORKS-KEIGHLEY~YORKS, Tel:- Keighley 2283/6 


London Office : Buckingham House, 19-2! Palace St., London $.W.1. 


Southern Counties Office: Brettenham House, Lancaster Place, London W.C.2. 


CRANE 


The Crab 
The Crab is of the twin barrel type, 
having one barrel for “ holding" and 
one for “ opening” and “ closing" the 
four rope Grab. All gear boxes are 
of steel fabricated welded construction. 
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MAERZ 


DUSSELDORF - ZURICH 


THE LATEST DEVELOPMENT IN DESIGN 
OF OPEN HEARTH FURNACES 


| 150 Ton oil and coke oven gas fired Open 
Hearth Furnace to Maerz-Boelens design. | 
Built 1956. 


Priest Furnaces Ltd. 


Sole representatives in Britain for MAERZ open hearth furnaces 


PRIEST FURNACES LIMITED * LONGLANDS - MIDDLESBROUGH 


also at TELEGRAPH BUILDINGS HIGH STREET SHEFFIELD 
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LANCASHIRE STEEL 


MANUFACTURING COMPANY LIMITED 


WORKS: IRLAM & WARRINGTON 





BASIC PIG IRON FERRO-MANGANESE 
SIEMENS-MARTIN OPEN HEARTH BASIC STEEL 
ROLLED AND RE-ROLLED STEEL PRODUCTS 





Telephone Head Of, Sf — Telegrams 


31222 WARRINGTON LANCASTEEL 


London Office: KINNAIRD HOUSE, PALL MALL EAST, LONDON, S.W.|! - Telephone: WHITEHALL 7515 - Telegrams: LANCASTEEL, LESQUARE, LONDON 
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Orkot 
Rolling Mill 
BEARINGS 


In Service 
in the mills of 
The United Steel 


Companies Limited 


have 


x LOW FRICTION COEFFICIENTS... 
and 
> IMPROVED WEAR RESISTANCE... 
leading to 
> POWER SAVINGS... 


and 
>% LONG BEARING LIFE 


Enquiries to :-— 
UNITED COKE AND CHEMICALS COMPANY LIMITED 
(SALES DEPARTMENT 242), P.O. Box No. 136, Handsworth, Sheffield 13. 
Telephone : Woodhouse (Sheffield) 3211 Telegrams: ‘Unichem’ Sheffield 


UCC 




















[CHEMICALS FROM COAL | 
O2 
November, 1958 





BROWN BAYLEY 
STEELS LIMITED BaOWh 


BAYLEYS 
SHEFFIELD 
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Send for pamphlet No. 4 


From our extensive range of Refractory Cements, 
Plastics and Castables, covering a wide range of 
properties, we can supply the correct material for 
most industrial applications. 


Use our advisory service based on 70 years experience 
in the refractory field— it can improve your furnace 
efficiency. For further information write, phone or call: 


JOHN G. STEIN & CO. LTD. Bonnybridge, Scotland 


TEL: BANKNOCK 255 (4 LINES) 


November, 1958 
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Finding 


the |} 


answer 


to your 
roblem 


If you should be faced with a technical problem in 
connection with casting defects in foundry 

sands, you are invited to call on the facilities of our 
experimental foundry and sand testing laboratory. 

In addition, our foundry technicians will be pleased to 
visit any foundry man who might wish to discuss 

a particular difficulty on the spot. 

These ‘ Fulbond’ services are offered without charge 
and are, of course, entirely confidential. 

If you will kindly telephone or write to us, we 

shall be very pleased to co-operate in 


finding the answer to your problem. 


THE 
FULLERS’ EARTH 
UNION LTD. 


Patteson Court, 
Nutfield Road, Redhill, Surrey. 
Telephone Redhill 3521 
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The Eimco 105 Tractor Excavator 
has proved itself the effective answer for 
clearing out slag pockets in steel furnaces. Break- 
ing out the slag and brick rubble while still hot, the 
105 loads it straight away for disposal without prior 
blasting in some cases. In addition, the Eimco 105 deals with 
stockpile loading and general excavating and loading duties. 


you can’t beat the tough, heavy duty 


EIMLD [L/5 


£/IMCO [CREAT BAITAIN/ LIMITED 


Head Office and Works: TEAM VALLEY, GATESHEAD, I!1, CO. DURHAM. LOW FELL 7-724! 


rR UN f { t F A { LC £8 WV REGenrt 21.84 
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HOT ROLLED STEEL BARS 


Round « Square « Flat 
Ferro-Concrete Bars bent to Specification 


HOT ROLLED STEEL 
HOOPS AND STRIP 


Coils or cut lengths 


COLD ROLLED 


Speciality : 


STEEL STRIP VERY HEAVY 


in all qualities including CONTINUOUS 


Special Deep Stamping LENGTH 
in cut lengths or coils COILS 
Electro-Galvanised Strip 


THE WHITEHEAD IRON & STEEL CO LTD 
Phone: 65401 (P.B.X.) NEWPORT MON Grams: Whitehead Newport 


LONDON OFFICE BIRMINGHAM OFFICE GLASGOW OFFICE MANCHESTER OFFICE 
STEEL HOUSE, KING EDWARD HOUSE, 50 WELLINGTON STREET, CHRONICLE BUILDINGS, 
TOTHILL STREET, S.W.! NEW STREET, BIRMINGHAM, 2 GLASGOW, C.2 MANCHESTER 
Telegrams: Telegrams : Telegrams: Telegrams: 
WHITEDSTEL, PARL, LONDON WHITEDSTEL, BIRMINGHAM WHITEDSTEL, GLASGOW WHITEDSTEL, MANCHESTER 


Telephone : Telephone: Telephone: Telephone: 
WHITEHALL 2984 MIDLAND 0412-3 CENTRAL 1528 BLACKFRIARS 3172 
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LIGHTWEIGHT 
INSULATING 
REFRACTORIES 





Photograph repro- 
duced by courtesy of 
Appleby — Froding- 
ham Steel Company 
(Branch of The 
United Steel Com- 
panies, Ltd.) and 
Stein and Atkinson, 


Electric soaking pit,";.designed and at Soy se 


built by Stein and Atkinson Ltd., K 


| 
for the Appleby—Frodingham Steel Preeti aaage 


STORRS BRIDGE WORKS, LOXLEY, SHEFFIELD 
Phone: 43844/5 


Company (Branch of the United 


Steel Companies Ltd.), Scunthorpe 
KIP/30. 
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FERROCLAD ‘EE’ 


*G.R.” FERROCLAD ‘EE’ bricks, which are now as readily 
available as normal metal-cased bricks have been developed to reduce 


spalling and flaking normally associated with basic bricks—to an 
absolute minimum. FERROCLAD 30 ‘EE’ (chrome-magnesite), 
FERROCLAD 70 ‘ EE’ (magnesite-chrome), and FERROCLAD 100 
“EE” (magnesite) are recommended for use in vulnerable areas in 
Metal-Cased basic open hearth and basic electric furnaces. For roofs and ends these 


B asi c Bri ck bricks may be suspended. 


lategrally Technical advice and assistance on the selection and application of 
Refractories are always available on request 
. locked 


onalGsides GENERAL REFRACTORIES LTD 
GENEFAX HOUSE, SHEFFIELD 10. TEL. SHEFFIELD 31!13 
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. . . by higher hot blast temperature and 
shorter reversal times with 





Zimmermann and Jansen automatic 
stove changing equipment. 

Over 700 stoves have been 
equipped by 

Zimmermann & Jansen. 


ZIMMERMANN & JANSEN «.™.s.n. 


DUEREN-GERMANY 


Representatives in Great Britain and Ireland 


D.M.M. (Machinery) Limited, 
66 Victoria Street, London, S.W.|. 
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FOR 
HIGH DUTY 
AND 
MALLEABLE 
CASTINGS 


— =~ 


ee Biraicregabian,. = 


oe hee: 
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The seven standard grades of Stanton Dale Refined Pig Iron 


GRADES: A B Cc D E F G 
SILICON % 1-9-2°1 14-16 | O9-I-1 | 2°25-2°5 | 0°9-I°1 14-16 | 1°9-2°1 
SULPHUR % 0:06 0:07 0-08 0°05 0:08 0:07 0-06 




















PHOSPHORUS % 


0°6-0°7 


0°6-0°7 


0°6-0°7 


0°4-0'5 


0°25 


0°25 


0°25 





MANGANESE % 
TOTAL CARBON % 





0-8-1°5 





0°8-1°5 





0-8-1°5 





2:7-3°0 


0-8-1°5 





0-8-1°5 





0°8-1°5 
2°8-3°| 





0-8-1°5 





In addition to the above other grades of Dale Refined Iron can be 
supplied to meet more exacting demands which call for alloy additions 


and special processing. 


STANTON PIG IRON 


THE STANTON IRONWORKS COMPANY LIMITED NEAR NOTTINGHAM 
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To] mi» me). . 
CAVITY 
MATERIALS 








RAWLPLUG for 
neat, firm 
fixings in brick, 
stone, etc. All 


diameter Coach 
Screws. 

Rawilplugs are 
waterproofed and | 
unaffected by 
climatic 

conditions. 


BOLT 
FIXINGS 

For bolting 

down machines, 
light or heavy, 
use RAWLBOLTS, 





: mane x : 
CAVITY FIXINGS The amazing RAWLNUT, screwed up from the 
front, forms its own rivet head behind the material—airtight, watertight, 
vibration-proof, squeak-proof! For all thin or hollow materials, 





Fixing methods that served well enough in by- 
gone days fall far short of modern standards of 
efficiency, when an average machine can be safely 
bolted down and in operation within an hour or 
so of arrival! 


Rawlplug Fixing Devices always save time and 
therefore money, for it is a simple fact that on 
every screw and bolt fixing job, in solid or cavity 
materials, you’ll make strong, absolutely safe 
fixings in far less time than by any other method. 


You can easily prove this for yourself. The first 
step is to write for full details of the 21 different 
types of Rawlplug Fixing Devices. Write us now 
—and if after studying our literature, you have 
any difficulties about a particular problem, our 
Technical Service specialists will be delighted 
to advise you without obligation. 


FIXING DEVICES 


THE RAWLPLUG COMPANY LTD 


CROMWELL ROAD, LONDON, S.W.7 
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JOHN LYSAGHT’S SCUNTHORPE WORKS LTD. 
NORMANBY PARK STEELWORKS. Tel.: SCUNTHORPE 227! 


BASIC OPEN HEARTH 
STEEL PRODUCERS 





QUALITIES 


CARBON STEELS UP TO -75 
DEEP STAMPING AND RIMMING 
SILICON AND SILICO-MANGANESE 
FREECUTTING 
LEAD-BEARING 


STRIPPING BAY 


SIZES : 
BLOOMS 5” uP TO 9” 
BILLETS 2”, 24’, 2%”, 3”, 34” & 4’ 
SLABS 5” TO 16” WIDE X 12” To 
2%” THICK 
SHEETBARS 12” x 4” To 3” 


MORGAN MILL FLYING SHEARS 


ROD MILL SIZES 
ROUNDS 5G. To »° 
SQUARES 66. To x’ 


RODS in 500:B. coits 
(1/D 28” O/D 36") 


ROD CONVEYOR 
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GIKGN 


put steel 


into shape 


Wherever you go you will find the 
products of one or another of the 
companies in the GKN group. 
From safety pins to steel furni- 
ture, buckets to bridges, light 
pressings to giant stampings, the 
smallest screw to the largest steel 
buildings—GKN make some- 
thing for every industry under the 
sun. Whatever may be needed in 
the way of steel components or 
assemblies, there’s a GKN com- 
pany with the experience, the re- 
sources and the big-scale produc- 


tion facilities to supply it. 


For steel in any shape or form (6 i N 
you'll find a handy group to know 


or 


GKN products and services include: INDUSTRIAL STEEL; RAILWAY, COLLIERY AND FARMING EQUIPMENT}; 
WHEELS AND CHASSIS FRAMES; SCAFFOLDING AND RAINWATER GOODS ; WELDED PIPEWORK ; HOLLOWARE ; 
FORGINGS AND PRESSINGS ; COMPLETE ASSEMBLIES OF ALL KINDS; FASTENINGS FOR EVERY PURPOSE, 


GUEST, KEEN & NETTLEFOLDS, LIMITED, 66 CANNON STREET, LONDON, E.C.4. 
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COLVILLES 


+ 
INTERPRETING THE PRESENT AND PLANNING THE FUTURE! 





FITNESS FOR PURPOSE STEELS 
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Another successful ‘‘first’’ 


The first automatic electronic control installation 
for a Bessemer Converter plant at 


Richard Thomas & Baldwin Ltd’s works at Ebbw Vale. 


Evershed’s understanding of process control problems, together with sound progressive research and 


development has resulted in a system of electronic control operating efficiently in the Iron and Steel industry. 


Evershed & Vignoles equipment is installed at: 
SAMUEL FOX LTD. ENGLISH STEEL CORP. 
JOHN SUMMERS & SON LTD. ARTHUR LEE & SONS LTD. 


FORDS PLATT BROS. & CQ, 


EVERSHED SERVES INDUSTRY 


INSTRUMENTATION AND CONTROLS DIVISION 

Evershed & Vignoles Ltd, Chiswick, London, W.4. Telegrams & Cables: Megger London Telex 
Evershed & Vignoles (Canada) Ltd, Toronto, Canada Telegrams & Cables: Evershed Toronto 
Evershed-Enraf, Delft, Holland Telegrams & Cables: Enraf Delft. 
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TWO-STAGE GAS BOOSTER 


The illustration reproduced by the courtesy of the 


West Midlands Gas Board shows the Howden two- 
stage Booster with variable speed drive. 

This installation is at Washwood Heath Gas Holder 
Station, and is designed to handle an inlet volume of 
2,250,000 cubic feet per hour of Town’s gas at a 
differential pressure of 80” wg. The total adiabatic 


efficiency of the Booster is 82% 


MHOVWDEN 


JAMES HOWDEN AND COMPANY LIMITED 


195 SCOTLAND ST., GLASGOW, C.5. & 15 GROSVENOR PLACE, LONDON, S.W.1 
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PATENTED Kod Mille 


for producing 

Fine Crushed Coke 

@ Uniformly graded coke of constant fineness so 
essential for making first class sinter. 
Crushes breeze containing up to 16% of 
moisture. 
No predrying necessary. 
Reliable operation with lowest overall mainten- 
ance costs. 


Proved by continuous service since 1938 in 
seven leading British Steelworks. 


A battery of four Newells patented Rod Mills in operation at 
Appleby-Frodingham Steelworks (third repeat order). 


HEAVY DUTY zed lables 


for handling 
Ore & Sinter Fines, Coke, Mill 
Scale and Flue Dust 
Very reliable in operation. 
Very low maintenance costs. 


Proved by continuous operation in British Steel- 
works since 1938. 


We have supplied 37 Feed Tables for different 
sinter plants at Messrs. Appleby-Frodingham 
Steel Company. 


A battery of nine Newells Feed Tables in operation at a Steelworks Sinter Plant. 


PATENTED COMBINED 


Daan ond Paddle Merers 


for mixing 
Ore & Sinter Fines, Coke, Mill Scale, 
Flue Dust and Water 


@ Intensive, thorough and uniform mixing 
of solids and water unobtainable by any other 
machine. 


Efficient mixing is a primary necessity for the 
manufacture of first class sinter. 


e 

@ Made in units up to 300 tons per hour contin- 
uous capacity. 

& 


Proved by continuous operation in British Steel- 
works since 1938. 


One of 12 Newells patented Mixers in operation at Appleby-Frodingham Steelworks. 


ERNEST NEWELL AND COMPANY LIMITED, MISTERTON VIA DONCASTER, ENGLAND 


Designers and Manufacturers of CALCINING, DRYING, GRINDING, CRUSHING, MIXING and HANDLING PLANT FOR STEELWORKS. Telegrams: Newells Misterton, Notts, England. 
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A battery of seven 10’ CG’ diameter Wellman-Galusha Gas Producers, for gasifying 
Natal anthracite coal—under construction at Vereeniging, Transvaal, South Africa. 
The installation is one of the most extensive gas producer plants to be erected 
initially as one battery in the British Commonwealth. 


Wellman-Galusha Gas 
Producers can be supplied 
in 6'0”, 8'0” or 10‘ 0” dia- 
meters and will produce an 
ideal gas for all industrial 


\ 


\ 
ZN 


L4 
4 


ed 


THE WELLMAN SMITH OWEN ENGINEERING CORPN. LTD. 
PARNELL HOUSE, WILTON ROAD, LONDON, S.W.! WORKS: DARLASTON, SOUTH STAFFS. 
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HAROLD MOORE, C.B.E., D.Sc. 


HAROLD MOORE was born and brought up in Middlesbrough, and it was 
there that, in 1894, he became a pupil as a metallurgical chemist of J. E. Stead. 
He obtained the B.Sc. degree of London University in 1898, and then spent 
two years as chemist in a small Northamptonshire ironworks. In 1900, on 
Stead’s recommendation, he was appointed Research Metallurgist at the 
Parkhead steelworks of William Beardmore and Co., Ltd. Four years later 


Dr. Moore joined the Research Department, Woolwich, as Chief Metallurgist. 


The First World War brought innumerable problems, and by 1918 his 
establishment had become one of the country’s leading metallurgical laboratories. 
In 1920 he was appointed Director of Metallurgical Research. In the years 
between the wars, Dr. Moore and his staff were engaged on work for both 
the Services and for Industry, and many papers were published in metallurgical 
and engineering journals. During his period at Woolwich, Dr. Moore 
served on the Ordnance Board, the Aeronautical Research Committee, and 
many other Service, B.S.I. and industrial committees, including three of 
the Joint Research Committees set up by the British Iron and Steel Federation 
and The Iron and Steel Institute; he was the first Chairman of the Steel Castings 
Research Committee. 

In 1932 Dr. Moore succeeded Dr. R. S. Hutton as Director of the British 
Non-ferrous Metals Research Association. After his retirement in 1944 he 
was Chairman of an Admiralty metallurgical research committee, served on the 
Inter-services Metallurgical Research Council, and acted as a consultant to 
B.1.S.R.A. He took an active part in the formation of The Institution of 
Metallurgists in 1945, and was its first President; in 1946-1947 he spent some 
months in India, advising the Tata Iron and Steel Co., Ltd., on the organization 


of scientific control and research at their Jamshedpur works. 


A member of The Institute of Metals since 1920, Dr. Moore served on 
the Council for ten years before being elected President for 1934-1936. — In 
1937 he was awarded the Institute’s Platinum Medal and elected a Fellow of 
the Institute. He is a Founder Fellow of The Institute of Physics, and has 
served on the Councils of the Royal Institute of Chemistry and the Faraday 
Society. He became Honorary Treasurer of the Society of Instrument 


Technology in 1949, and also undertook the editing of the Society’s quarterly 


Transactions; on giving up this work in 1956, he was elected an Honorary 


Life Member. 
Dr. Moore joined The Iron and Steel Institute in 1901, and read his first 
metallurgical paper at one of the Institute’s meetings in 1910. The Council 


elected him an Honorary Member of the Institute in September, 1968, 





Harold Moore, C.B.E., D.Sc. 


Honorary Member 





PAPERS AND REPORTS ON 


Metallurgy 





Plant Operation 





Continuous Casting of High-speed Steel 


By B. H. C. Waters, M.A., Ph.D., W. H. Pritchard, 
A. Braybrook, A.Met., A.I.M., and G. T. Harris, M.A., F.Inst.P., F.1.M. 


INTRODUCTION 


IN 1953 a continuous-casting plant was installed at 
the works of William Jessop and Sons, Ltd. by the 
engineers Campbell, Gifford and Morton Ltd., based 
on ideas put forward by B.I.S.R.A. 

The project was sponsored by a group of 11 steel- 
manufacturing companies, to study continuous casting 
of special steels with particular reference to 184-1 
high-speed steel. The project was to be carried out 
over two years and it was expected that steels of 
superior quality would result using this method or, 
because of a higher yield, steel would be produced 
more cheaply than that made by conventional practice. 

The plant was designed to produce a 4-in. square, 
4-ft long billet, as this was a useful size for handling 
in subsequent rolling or hammer-cogging operations 
and could be directly compared with conventional 
4-in. ingots. The first cast was made 30th April, 1954 
and in 24 years 200 casts were made. Some of these 
failed owing to plant imperfections in the earlier casts, 
but in the last 100 casts only about 5% were un- 
successful due to mechanical faults as distinct from 
tundish problems and metallurgical quality. 


GENERAL DESCRIPTION OF PLANT 


The plant was built in an existing shop. This 
restricted the headroom available and to compensate 
for this, part of the plant was sunk below floor level 
in a pit. The height of the plant from the bottom of 
the pit to the crane track was 37 ft and from ground 
level to crane track 25 ft. A sketch of the plant is 
given in Fig. 1. Modifications such as billet roller- 
guides and electromagnetic stirrers were added later. 
The total cost of the plant was about £30,000, includ- 
ing modifications. 

Two types of pouring method were used to empty 
a 1}-ton ladle. In one, a lip-poured ladle was used, 
necessitating a ladle-cradle tilting about the spout as 
axis: in the other, a bottom-poured ladle was used, 
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SYNOPSIS 


This paper describes a continuous-casting plant operated on a 
pilot scale for the production of high-speed steel and other alloy 
steels as 4-in. square cast billets. 

A general description of the plant is given, followed by a descrip- 
tion of the steelmaking and metal-handling techniques required 
for continuous casting. Types of billet fracture encountered in 
the operation are discussed, together with the pouring and mould 
systems used to overcome them. Aa outline of the operational 
procedure for the plant is then followed by an account of the 
structure and quality of billets produced on the plant. 1638 


suspended from a crane. Leaving the ladle, the metal 
flowed through a splitter or a tundish to the casting 
mould or moulds. Originally the plant was designed 
for two-strand operation but latterly only one strand 
has been used. From the mould, the cast billet was 
led through guide rolls down to the main drive rolls 
and thence to the cut-off station. Here it was cut 
into lengths which fell into the pit on to a conveyor 
and were then returned to floor level. Sequential 
operation of the various parts of the plant was 
achieved by means of a series of electrical interlock 
devices. 

Parts of the equipment such as pouring and mould 
equipment whose design was specifically related to 
a continuous-casting process are described later. 
Equipment items of a more general engineering 
character will be described here. 

The first of these was the dummy billet design. 
The joints of the dummy billets were as shown in 
Fig. 2. Each section was 4 ft long and the original 
assembled billet consisted of four sections. The lower 
three of these were hollow, and were removed by 
hand during casting. The top section was solid and 
was removed by cutting off the attached section of 
cast billet. The joints between these billets were 
not rigid, movement between different billet lengths 
being restricted to < 2° by adjustment of the stops. 

The main withdrawal rolls followed a design basi- 
cally similar to that of a rolling mill, but with much 
slower operation. Two sets of two rolls each 8 in. 
dia., were driven by a 5-h.p. motor through reduction 
gearing to give a speed variable between about 0-5 
and 2-5 rev/min. This gave a casting speed range 
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Fig. 1—Continuous-casting plant as erected (not to scale) 


of 10-60 in./min. The roll material was mild steel; 
a heat-resistant steel was tried for one roll and was 
satisfactory, but not necessary. Back-up pressure 
was applied on one roll of each set. This was variable 
but was usually set at 3000 lb. The movable roll 
rested against « stop so that the space between the 
rolls was } in. less than the dummy-billet section. 
The rolls were driven through wobblers in such a 
way that they acted continuously against a restraining 
brake. Thus erratic withdrawal due to backlash was 
prevented. On two-strand operation the rolls with- 
drawing both billets were coupled together. This was 
undesirable as it was not possible to stop one strand, 
for instance to heal a fracture, without interfering 
with the operation of the other strand. Ideally for 
multi-strand operation, each strand should have its 
own set of withdrawal rolls, independently driven. 
Two sets of guide rolls were also used on the plant, 
each set with a different purpose. The top set ensured 
final alignment of the top dummy-bar section as it 
entered the mould, and also supported and aligned 
the cast billet immediately below the mould. This 
set consisted of two groups of four rolls each. The 
top rolls were spring-loaded with springs of 300-lb/in. 
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Fig. 2—Joint for dummy billet 
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Fig. 3—Design of top set of guide rolls 


rating and they were pre-tensioned to 15 Ib whilst the 
bottom four rolls had springs of 500-Ib/in. rating pre- 
tensioned to 25 lb. The rolls were water-cooled by 
water running over their faces, and their design is 
shown in Fig. 3. The bottom set of rolls was used to 
guide and align the dummy billets as they were fed 
up into the main drive rolls before a cast. This set 
consisted of three pairs of rolls one above another. 

These rolls were also spring-loaded, with springs 
of higher rating and with greater pre-tensioning than 
those of the top set of rolls. This was because they 
had to guide the billet against any off-centring force 
of the drive rolls. The spring ratings of the bottom 
set of rolls were: top two rolls 1000 lb/in., bottom four 
rolls 2000 Ib/in., and they were pre-tensioned to 50 
and 100 Ib respectively. These rolls were water-cooled 
by internal water-cooling of the spindle. Their design 
is shown in Fig. 4. 

In some of the work the billet surface was spray- 
cooled. For this water was usually sprayed at mains 
pressure of 100 Ib/in® through atomizing nozzles. 
These sprays were set immediately below the mould 
and then down the plant for a distance of about 6 ft. 

Cutting off the cast billet was accomplished by 
means of standard oxy-propane burners using iron- 
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Fig. 4—Design of bottom set of guide rolls 
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Table I 


CUT-OFF TIMES AND TORCH OPERATING DATA 
FOR VARIOUS STEELS 





Minimum Cut-off Time 


Steel Quality for 4-in. Billet, s 





En 58A 18-8 stainless 40 
18-4-1 high-speed 55 


ms te heat-resisting steel (Jessop 55 
R 22) 


En 56D 13% Cr steel 50 
En 59 valve steel 65 











Note: Cutting pressure (100 Ib), heating pressure (110 Ib), propane 
pressure (2 Ib), and powder dispenser (12 Ib) were all constant 
throughout. 
powder injection. These burners were set on a carriage 
which traversed horizontally and moved downwards 
with the cast billet, being clamped to the billet by 
means of pneumatically operated clamps. The clamps 
and burners were operated by means of limit switches 
and electrical relays. Details of cut-off speeds and 
powder-flow rates are given in Table I. They depended 
on the steel quality cast and the billet temperature. 
By means of these burners the billet was cut into 
4-ft lengths. 

These lengths then fell into a basket which was 
counter-balanced so that as the billet entered, the 
basket tilted forward and lay against a conveyor. The 
conveyor then picked up the billet, engaging a dog 
with the bottom of the cast billet, and took it to floor 
level where it was removed into a pan by means of 
a hydraulically operated ejection basket. Electrical 
interlocks again secured the automatic operation of 
the different components of this disposal system at 
the correct times. 


STEELMAKING FOR CONTINUOUS CASTING 

In this work a variety of steels was continuously 
cast, and typical analyses of different steels cast are 
given in Table II. Most of the work was, however, 
done with 184-1 high-speed steel, although many 
casts were made with 18-8 stainless steel. Most of 
the steelmaking techniques were the same as those 
used in standard practice. The steel was made in an 
obsolescent type of 14 ton bottom-return basic-arc 
furnace having 8-in. electrodes and a transformer 
rating of 575 kVA. 

One feature of continuous casting was that metal 
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Table III 


TAPPING TEMPERATURES FOR VARIOUS CAST- 
ING SPEEDS 





Tapping 


Casting S " Temperetare, 


Steel Type ia. ‘nie 





18-4-1 high-speed 12 1540-1550 
24 1530-1540 
36 1520-1530 


Conventional casting | 


18-8 stainless 24 
36 
48 


| 


Conventional! casting 











had to be tapped hotter than in standard practice 
because teeming times and rates were normally longer 
than standard. Typical tapping temperatures for 
different casting speeds are given in Table III where 
tapping temperatures for standard ingot practice are 
also given. It will be seen that, in general, metal for 
continuous casting was tapped some 40° C hotter 
than in standard practice, the temperature being 
taken by a dip couple in the furnace immediately 
before tapping and maintained to 10°C. Tapping 
metal too cold caused snottering and a poor lapped 
surface, particularly with 18-8 steel, and tapping too 
hot gave a shelly surface and sometimes caused a 
bleed. It also slightly increased centreline porosity, 
although in this respect it was secondary to the effect 
of casting speed. 

The gas content of the steel was particularly impor- 
tant in continuous casting. High tapping tempera- 
tures made the more simple steels prone to hydrogen 
porosity so that care had to be taken to ensure a 
good boil and dry alloy additions. A more complex 
requirement, however, resulted from the effect on the 
casting stream of alumina. If aluminium deoxidation 
was used, alumina deposition was caused on the small 
meter nozzles that controlled the flow rates and this 
interfered with metal flow. Therefore calcium-silico- 
manganese was used as a deoxidant, and this pre- 
vented alumina deposition in most of the steel quali- 
ties cast. However, alumina deposition still occurred 
with 18-4-1 steel even if aluminium deoxidation 


Table II 
TYPICAL ANALYSES OF STEELS CAST 





Jessop 


Steel Type Code 


Analysis, °, 





No. 


Cr 





Plain carbon 

Valve steel 

18-4-1 High-speed 

18-8 Stainless 
Austenitic heat-resisting 
13% Chrome 

14% Ni-Cr-Mo 
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Fig. 5—Bottom- poured ladle used for continuous casting 


additions were avoided, probably due to the occur- 
rence of aluminium in the scrap and alloy additions 
used. Efforts were made to flush out the alumina 
by argon injection but these were not successful. In 
the end the pouring system had to be designed and 
casting speeds adjusted so as to work satisfactorily 
despite the occurrence of alumina deposition at 
nozzles. 
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Fig. 6—Lip-poured ladle used for continuous casting 
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Fig. 7—Arrangement of burners for heating lip-poured 
ladle 


Two types of ladle were used in the course of this 
work. One was bottom-poured and the other was 
lip-poured. The bottom-poured ladle was preheated 
to about 900° C in accordance with standard practice, 
but the lip-poured ladle was heated to 1350-1400° C 
so as to minimize the chill of the ladle on the liquid 
steel. 

LADLE-POURING SYSTEM 

More severe demands are made on a continuous- 
casting ladle than on standard ladles because metal 
must be delivered at a slower rate than normal over 
a longer time than normal, casting times of 30-60 
min being customary. 

The standard ingot casting ladle used for bottom 
pouring in continuous casting is shown in Fig. 5. The 
refractories used to line the walls were of medium 
alumina firebrick, 3 in. thick, backed with about 1 in. 
of ganister. The bottom consisted of 44-in. high 
alumina firebrick with a medium alumina nozzle 
rammed in place with refractory composition 
(‘compo’). The stopper and sleeves were also of 
medium alumina firebrick. The preheat temperature 
for this ladle was 900°C. A sketch of the lip-poured 


Casting stream 


Direction of meta! 
flow 


Primary wash 
’ Secondary wash 
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Fig. 8—Metal wash of billet skin during casting 
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ladle used in this work is given in Fig. 6, and this 
ladle was specially designed for continuous casting. 
The walls were of high-alumina firebrick and both 
walls and bottom were of 4}-in. firebrick backed with 
about 1 in. of ganister. The preheat temperature of 
this ladle was 1350-1400° C, and this is why higher 
alumina firebricks were used and the lining thickness 
increased to conserve heat. 

Preheating of both types of ladle was by burners 
using an air-gas mixture using air at 2-3 in. 
water gauge, and town gas (calorific value 500 
B.t.u./ft?) at 4-5 in. water gauge. All ladles were 
heated in the upright position. The bottom-poured 
ladles were heated by a single burner in the ladle 
body, together with a smaller burner at the nozzle. 
The top of the ladle was covered with mild-steel sheet, 
about 16 gauge. The lip-poured ladle required two 
body burners and two burners for the lip and spout 
as shown in Fig. 7. 


« 


Fig. 9—Billet failure due to metal wash 
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Fig. 10—Sectioned billet skin 
showing metal wash x } 


The lip-poured ladle was better for casting metals 
which tended to erode firebrick refractories, and it had 
the advantage of avoiding any danger of a running 


stopper. Also, for larger installations, lip-poured 
ladles could move easily and be continuously heated 
throughout casting. Bottom-poured ladles gave 
reduced refractory and fuel costs since they were not 
preheated so much as the lip-poured ladles. Plant 
construction would be simplified if bottom-poured 
ladles were used because no ladle-tilting mechanism 
would be needed; bottom-poured ladles gave improved 
slag separation and, also, if a cast had to be stopped 
the metal from a bottom-poured ladle could be cast 
into standard ingot moulds. No great trouble was 
experienced from running stoppers with bottom- 
poured ladles: in over 150 casts with such a ladle 
only one running stopper occurred. Metal from this 
cast was dumped in a slag pan placed about 3 ft from 
the pouring station to deal with such an emergency. 
Thus, it is considered that for smaller quantities of 
metal such as were cast in this work, a bottom- 
poured ladle is better: lip-poured ladles might have 
advantages for larger quantities of metal when freedom 
from running stoppers and increased ease of continuous 
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lig. 11—Splitter design and operation 


ladle-heating throughout casting would outweigh the 
advantages of bottom pouring. 


TYPES OF BILLET FRACTURE 


The most troublesome failure experienced in con- 
tinuous casting was that which involved breakout of 
liquid metal through the solid envelope immediately 
below the casting mould. This could be due either to 
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Fig. 13—-Original tundish design 





rupture of the envelope within the mould, and failure 
of the rupture to heal, or to remelting of the solid 
envelope. 

The mechanism by which rupture occurs has been 
extensively described.’ Briefly, it is caused by mould 
friction which restrains the top of the solid envelope 
while the bottom is pulled down. A hot tear results 
and if it is not healed the liquid metal can escape 
from the bottom of the mould when the torn section 
is withdrawn. The mould and withdrawal system, 
described later, were designed to avoid this kind of 
failure and it only occurred when they did not work 
properly. 

The second type of rupture resulted from remelting 
owing to the metal being cast too hot or, much more 
often, to non-axial pouring resulting in wash on the 
solid metal skin. The first type of remelting was 
avoided by careful specification of the tapping tem- 
perature, as already described. Remelting by washing 


Fig. 12—Heating arrangements for splitter 
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Fig. 14—Final tundish design 


took place either by direct impingement (primary 
wash, Fig. 8) or by wash from a deflected stream 
(secondary wash, Fig. 8). A failure caused by wash 
is shown in Fig. 9 and a photograph of a sectioned 
billet shell in which wash has occurred is shown in 
Fig. 10. If remelting occurred in the mould the metal 
did not run out entirely, but escaped between the 
solid envelope and the mould wall and solidified there. 
If this happened, a shelly billet surface resulted caus- 
ing considerable mould wear. 

From this it will be seen that to prevent billet 
fracture a suitable design of mould and withdrawal 
system is required, together with a pouring system 
which gives axial entry of liquid metal into the casting 
mould so as to avoid wash. In addition, correct 
tapping and casting temperatures are needed. 


POURING SYSTEM 


An integral part of a continuous-casting plant is 
equipment for conducting liquid metal from the ladle 
to the continuous-casting mould. In this work two 
conventional methods were used: (a) splitter pouring, 
and (6) tundish pouring. 

Splitter pouring was used first and, although it was 
subsequently discarded because the non-axial pouring 
associated with it gave metal wash, its use is described 
here since it has advantages and in casting elongated 
sections, such as slabs or ellipses, pouring along the 
major axis is likely to avoid problems of wash. 

Splitter pouring was used in two-strand casting, 
and a sketch of the splitter showing its mode of opera- 
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Fig, 15—Continuous-casting mould, final design 
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Fig. 16—Billet failure due to bad alignment 


tion is given in Fig. 11. Medium-alumina firebricks 
were used as the refractory, and the splitter was pre- 
heated internally to 1400° C (thermocouple) and at 
the lips to 1500° C (optical pyrometer) before use. To 
do this, three Selas burners were used, situated as 
shown in Fig. 12. These burners operated on town 
gas at 4-5 in. water gauge and compressed air at 
100 Ib/in?. The splitter design was such that the well 
at the back was kept as small as possible to minimize 
radiation losses, while for the same reason a straw 
cover was kept on the metal there during casting. 
In addition a slag weir was introduced between the 
splitter well and side arms, to minimize slag entrain- 
ment. 

Tundish pouring replaced splitter pouring primarily 
because it centralized the metal stream to the mould. 
Tundish pouring was only used with single-strand 
operation because casting with two coupled strands 
gave casting problems mainly due to the coupling of 
the two roll systems as previously described. Con- 
siderable development work was done on the tundish, 
for which the general requirements were as follows: 

(1) A low throughput rate was required, so that a 

casting rate as low as 2 tons/h could be achieved 

(2) It was necessary for the metal stream to be visible 

to the operator at a point about 8 in. below the 
tundish so that he could see the surface of the 
metal in the mould and control the level 

(3) Reliability of the tundish was necessary 

(4) It was desirable to provide a means of regulating 

the metal flow from the tundish. 


The tundish first used was based on a B.LS.R.A. 
tundish? shown in Fig. 13. Certain weaknesses 
revealed under works conditions were the fragile 
nature of the downtube, inadequate metal capacity, 
skulling of the metal surface in the tundish, making 
up of the small meter nozzle, and leaking of metal 
through the tundish refractories. As a result of 
development work the tundish shown in Fig. 14 was 
evolved. This tundish was basically made of high- 
alumina firebrick, and the metal entered a bricked 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





WATERS ZT AL.: CONTINUOUS CASTING OF HIGH-SPEED STEEL 
>— Stream 

in— 
i 


O 
O 


Water jacket 


Cast billet 


<—_—— First dummy billet 


e“ Guide rolls 


O 


~<——_ Second dummy billet 








LY 


Fig. 17--i ocation of top guide rolls 


body, at one end of which a downtube was set. The 
body was such that it could contain a depth of 5 in. 
of metal, so that the total metal content of the tundish 
was about 2 cwt. The downtube was rammed in place 
using a refractory composition rammed against a 
sillimanite hearth-brick which separated the top 
liquid-metal chamber from the lower heating chamber. 
At one end of the tundish, a flue led gases from the 
bottom heating chamber to atmosphere. The down- 
tube which passed down through the heating chamber 
and which carried the small meter nozzle set in 
sillimanite cement to control the metal flow, was made 
of plumbago and was greatly thickened to 1}-in. thick 
walls as compared with the original downtube walls 
(¢ in. thick). Choice of the meter nozzle material 
and design of the meter nozzle were the subject of 
much work to overcome the blocking effect of the 
alumina which was deposited on it when 184-1 
high-speed steel was cast. Experiments were con- 
ducted in which the nozzle was made in a material 
to which it was hoped alumina would not stick either 
because of non-reaction or because highly fluid 
reaction products would form and be washed away. 
Work was also done on modification of the nozzle 
contour to try to minimize turbulence and, by pro- 
moting a smooth flow, to minimize alumina deposition. 
This work was not successful and in the end a zircon 
meter nozzle with a hole drilled straight through it 
similar to that used on other continuous-casting 
plants was adopted as standard. It was, however, 
made larger than was necessary for the metal flow 
required so that alumina deposition did not reduce 
the metal flow rate below that required. Despite this, 
with 18—4—1 steel it was not possible to cast satisfact- 
orily at speeds below about 28 in./min and this speed 
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Fig. 18—Mode of lubrication by rapeseed oil 


limitation had a great adverse effect on the billet 
quality produced with this material, as described 
later. Use of such a nozzle meant that means had 
to be employed for reducing the metal flow through 
the nozzle below that which it could accommodate, 
and to do this a stopper was introduced at the top of 
the downtube. This seated on a large nozzle, 3 in. 
outside diameter, 14 in. bore, set in the top of the 
downtube with sillimanite cement. 

The stopper end was made of plumbago to minimize 
oxidation attack on the stopper rod during preheating, 
while the stopper rod sleeves were of medium-alumina 
firebrick. The whole of the tundish and stopper rod 
assembly had to be bricked very carefully, as any 
inattention in bricking resulted in leaking during 
casting. 

This tundish was preheated by means of two Selas 
burners and was continuously heated during casting 
by the same burners. One burner was set to heat the 
liquid metal chamber and impinge at 30° to the surface 
of the metal there throughout casting. The other 
burner heated the downtube chamber, and was also 
kept on throughout casting. Before casting the 
tundish was heated to 1300-1350°C in the top 
chamber and 1450—1500° C in the downtube, tempera- 
tures being measured by rare-metal thermocouples. 
This tundish was satisfactory in keeping metal hot 
as it passed through, and the temperatures of the 
liquid metal entering and leaving, measured by an 
optical pyrometer, were the same. 


MOULD SYSTEM 


In this work a nominally 4-in. square billet with 
corners radiused to } in. was cast. The mould was 
spring-mounted ‘using the design principles patented 
by B.1.8.R.A.* and described by Savage. The mould 
tube was of copper or copper-tellurium alloy, } in. 
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Fig. 19—Friction curve showing gentle movement of 
mould ; 
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Fig. 20—Heating of tundish before casting 


thick, with an annular water jacket of } in. through 
which water passed at 150-250 gal/min, being heated 
by 2-3° C during passage. The mould was 19 in. long 
giving a working length of about 15 in., since the 
meniscus of liquid metal in the mould was normally 
about 4 in. from the top during casting. 

The first mould system used compression springs 
with a rating of 200 lb/in. suspended on a metal- 
rubber bush system. This was replaced by a mould 
shown in Fig. 15. A feature of this mould was that 
it used extension rather than compression springs of 
the same rating as the other mould, and by their 
action they automatically tended to centre the mould 
during casting. Lateral movement of the mould was 
restrained to 4 in. in any direction by means of four 
guide posts. A further feature was the provision of 
compression springs which acted to cushion the move- 
ment of the mould at the extreme ends of its travel 
either downwards or upwards. Thus, when the mould 
approached full deflection, an increased restraining 
force came into play and if the mould was suddenly 
released from extreme deflection the top set of 
springs cushioned its movement on return. 

Of equal importance to mould design was, however, 
the provision and correct location of spring-loaded 
guide rolls immediately below the mould. These have 
already been described: their function was to locate 
correctly the dummy billet as it entered and left the 
casting mould and also to support the dummy billet. 
Thus, if the force in the billet moved from tension to 
compression, as could occur immediately following the 
release of a high friction, the dummy would not buckle 
at the joints and impose a sudden lateral movement 
on the cast billet. Such a movement could result in 
a failure as shown in Fig. 16 from a cast which was 
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Fig. 22—Heating curve for lip-poured ladle 


conducted without guide rolls. Thus the top set of 
guide rolls was so placed that the top dummy section 
was completely located by guide rolls both as it 
entered and left the casting mould, as shown in Fig. 17. 

To assist casting it was desirable to reduce the 
mould friction as much as possible. Such friction arose 
from slight mould bowing and undulations together 
with small pits formed by splash particles being forced 
into the mould wall. For this reason the mould tube 
was made nominally parallel but any slight taper was 
such that the bottom end of the tube was the wider. 
It was cleaned and dressed, if necessary, before a 
cast, with a block file, the filing again being arranged 
so as to widen the bottom end. The effect of minor 
surface imperfections was overcome by suitable lubri- 
cation using a volatile lubricant such as rapeseed 
oil or water, so as to maintain a vapour film between 
the cast billet surface and the mould surface, as shown 
in Fig. 18. An indication of the efficiency of the 
dressing and lubrication of the mould tube was pro- 
vided by the visible vertical movement of the mould 
assembly during casting. Ideally it was small and 
occurred very gently giving a so-called friction curve 
as shown in Fig. 19. 

The lubricant used was also important in providing 
a reducing environment above the metal in the mould. 
Many investigators® * 7? consider the provision for 
such an environment important, to reduce oxide 
formation, although this was not substantiated in the 
present work. 
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Fig. 23—Heating curve for bottom-poured ladle 


JOURNAL OF THE IRON AND STEEL INSTITUTE 














WATERS ET AL.: CONTINUOUS CASTING OF HIGH-SPEED STEEL 


Fig. 24—Transverse section of continuously cast billet, 
18-8 steel x4 


Summarizing, the mould system used in this work 
consisted of a spring-mounted mould used in con- 
junction with support and guiding of the dummy and 
cast billets below the mould. The mould was 
adequately lubricated and its contour was so designed 
that, although nominally parallel, any slight diverg- 
ence from this condition was such as to provide a 
wider outlet at the bottom than the top. 


PLANT OPERATION 

Brief details of the operation of the continuous- 
casting plant are given here, bringing together the 
items mentioned previously. 

In setting up the plant for a cast the mould surface 
was first cleaned and inspected visually. Local dress- 
ing was then carried out if necessary, as it occasionally 
was, and the mould dimensions were then checked 
with a micrometer to ensure that any taper was 
big-end down. Periodically the alignment of the guide 
and drive rolls was checked with plumb bobs, sus- 
pended from the top of the plant. The dummy-billet 
joints were also inspected and if any tightening was 
needed this was carried out by stop adjustment. The 
top section of the dummy billet was then hoisted into 
the drive rolls and subsequent sections were then 
added by hand as the dummy billets were fed up 
through the plant by means of the drive rolls operating 
in reverse. Correct location of the dummy-billet 
sections entering the drive rolls was provided by the 
bottom set of guide rolls. Just before the top dummy 
section entered the mould, as it was moved up, the 
key bolt and splash can® were fitted, and asbestos 
string was packed round the splash-can groove to 
form the initial seal and prevent metal flash forming 
between the dummy billet and mould surface. The 
dummy billet was then entered into the mould, care 
being taken to see that entry was true, and the mould 
was moved a little if necessary. 

Next the mould surface was lightly smeared with 
oil, and a light film of oil run over the asbestos string 
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to wet it. After this the dummy-billet head was moved 
up and down in the mould two or three times to check 
that the mould moved freely: it was then set about 
6 in. from the top of the casting mould, the oil ring 
was set in place, and the mould was ready for casting. 
Next the tundish or splitter was set in place. The 
splitter lip was first located by accurate bricking, but 
final location was achieved by slight filing away of the 
lip of the brick to set the lip an accurately known 
distance from the side of the mould. This distance 
varied with casting speed, but was normally 1, in. 
If a tundish was used the bricking was carefully 
inspected, particularly the meter-nozzle location and 
the setting and ramming-in of the downtube. If this 
was satisfactory the tundish was set over the mould, 
being located with a fine rod passed vertically down 
through the meter nozzle. Heating of the tundish or 
splitter was then begun. Temperatures were taken 
periodically during heating and at first the heating 
was slow. Typical heating cycles for the tundish and 
the splitter are shown in Figs. 20 and 21. It was 
necessary that the final temperature required should, 
in each case, be maintained for 60 min before casting. 
At the same time the ladle heating was begun and 
again control was kept on the heating, typical heating 
curves for lip- and bottom-poured ladles being shown 
in Figs. 22 and 23. Again it was necessary that the 
final temperature should be maintained for 60 min 
bufore casting. While this was going on the cut-off was 
checked, the powder in the dispenser being emptied 
and refilled before each cast to prevent clogging. 
Finally the metal was tapped at a specified tem- 
perature, the ladle of metal taken to the plant, and 
casting began. At the start of casting an oil can was 
normally used for auxiliary lubrication. Routine 
maintenance was carried out to schedule. 
The plant was critica] in operation in that failure 


Fig. 25—Longitudinal section of continuously cast billet, 
18-8 steel x } 
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Table IV 


SEGREGATION 


IN CONTINUOUSLY CAST STEELS 





| 

Austenitic | 
} Heat-resisting (R22) 
Element 


En59 Valve Steel 





Range Mean Range 


En56D 13°,Cr 18-4-1 High-speed 





Mean Range Mean Range 





0-01 0-25 
0 0-78 


1-30 


0-02 
0-03 
0-12 
0-003 
0-002 
0-3 
0 
0.44 





0:30 
0:45 


0-03 
0-03 
0-01 


0:74 0-02 


0-36 0-01 


0-30 0-36 6 «6| «=6(0-02 
0-010 | r 


0-019 0-004 


0-006 
0.003 
0-03 
0-4 





of a single item of equipment could often stop a cast: 
particular attention was paid to the electrical interlock 
system and limit switches used. 


Fig. 26—Surface of billet showing scars due to hot tears 
healed in the mould 
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: steel (J3). 
+ alloys: thus one quality of heat-resistant austenitic 





BILLET QUALITY 


With 18-4~1 high-speed steel it was not possible to 
get a satisfactory structure of the billet produced at 
casting speeds (e.g. 36 in./min) at which the plant 
functioned satisfactorily with the billet section used. 
Only at slow casting speeds of about 12 in./min was 
satisfactory billet quality obtained and at these speeds 
the metal-handling problems were such that the 
tundish nozzle made up after about 10 cwt metal was 
cast (about 20 min). 

Although casting 18-4~1 steel was the first object 
of the plant, several other steel qualities were cast. 
For all qualities the structure of the product as cast 
was like an ingot rather than a worked billet. Macro- 
graphs of transverse and longitudinal sections of such 
continuously cast billet are shown in Figs. 24 and 25. 
Details of the compositions of qualities cast are given 
in Table II. All the billets were typically rhombic 
in section, being off-square by about 0-1 in. often with 
some sides slightly concave. All the billets had some 
degree of axial porosity as discussed later, the charac- 
ter and severity varying with the type of metal cast. 
Sometimes, as in 18-8 steel (R3), it took the form of a 
string of voids situated at the billet axis, while in 
other alloys such as valve steel (H29) the porosity 
consisted of a general looseness similar to 18—4~1 
Severity of the porosity varied with the 


steel (R22) showed much less porosity than other 
steels cast. As a general rule the porosity found in 


‘ continuously cast material at the casting speeds used 
‘was found to be a little worse than that of a con- 


ventionally cast 4-in. ingot, having a taper of } in. ft. 
The billet structure depended on the alloy cast: 
stainless qualities showed an outer zone of chill 
crystals followed by columnar crystals which grew 
transversely and appeared to penetrate to the centre 
of the section. Other qualities investigated (E9, 
En59, 18-4-1, En56D, and En24) showed an outer 
chill crystal zone followed by a zone of columnar 
crystals and finally by a central equiaxed zone. 
Billets of En59, En58A, and R22 were examined for 
segregation by taking drillings for chemical analysis 
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from about 10 points across the 4-in. square section. 
Results, given in Table IV, showed that no marked 
segregation had taken place. Carbide segregation 
did, however, occur in 18—4—1 steel as described later. 
The billet surface obtained in continuous casting 
varied with the type of metal cast and to a less extent 
with casting speed, faster speeds giving better sur- 
faces. The formation of the billet surface is such that 
the contour is affected by the rate of strengthening 
of the skin immediately after solidification. It there- 
fore depends both on the rate of thickening of the 
skin and on the strength of the skin near the melting 
point. If the skin rapidly thickens relative to the 
downward movement of the billet in the mould the 
deep corrugations persist: they also persist if the skin 
strengthens rapidly. Of the two metal qualities con- 
tinuously cast in quantity during this work, the billet 
surface of 18-8 stainless steel for similar casting 
conditions, was worse than that of 184-1 high-speed 
steel, Tundish pouring was also better than splitter 
pouring because it reduced splashing which gives rise 


(a) Sprayed 


Fig. 27—Comparison of water-sprayed and unsprayed 18-8 billet 
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to surface lapping and also because it minimized 
bleed-outs in the mould which, as described previously, 
resulted in a shelly surface. Correct mould functioning 
was necessary for a good surface: the poor surface 
produced at a hot tear which has subsequently been 
healed is shown in Fig. 26. 

Although grain-size refinement is a major advantage 
in the continuous casting of non-ferrous metals, such 
refinement was not found in continuously cast steel 
as compared with steel statically cast in conventional 
ingot moulds of similar section. Water-spraying below 
the mould was tried, but it did not markedly alter 
the billet structure and it only slightly refined the 
grain size, or in 184-1 steel, the carbide distribution. 

A comparison between sprayed and unsprayed 
material is shown in Fig. 27 for 18—8 stainless steel 
and in Fig. 28, for 18-4-1 high-speed steel. Electro- 
magnetic stirring below the mould was also tried, to 
see if it would influence billet structure. Four sets 
of three-phase 50 cycle a.c. three-pole laminated-yoke 
stirrers were used, carrying a current of 9 A at 400 V. 


(6) Unsprayed 


x § 


NOVEMBER, 1958 





WATERS ET AL.; CONTINUOUS CASTING OF HIGH-SPEED STEEL 245 


Each pole had 500 turns of asbestos-covered wire, and 
a water-cooled austenitic stainless-steel water jacket 
} in. thick was placed between the billet and poles 
of the stirrer. These stirrers were placed below the 
mould at a position embracing the final point of 
solidification of the billet. They did not refine the 
structure of 18-4-1 steel, but had erratic and often 
marked effects on the structure. of other steels, the 
effects being very sensitive to the composition of the 
steels cast. This is now being investigated. 

The character of shrinkage porosity in continuously 
cast billets depended on the steel quality cast and 
arose from the way in which the steel froze. Thus 
steels such as 18-8 which solidified with a highly 
progressive grain growth formed a central pipe con- 
sisting of axial pencil-shaped voids about 4 in. across. 
By contrast, if the steel did not solidify in a highly 
progressive fashion, the pipe formed tended to be 
dispersed. Pipe formation was due to bridging across 


of outcropping dendrites from the sides of the liquid 
pit isolating pools of liquid which, on freezing, formed 
shrinkage voids and tended to deposit segregated 
carbides. 

Thus, with shallower liquid pits as were obtained 
at slower casting speeds, smaller liquid volumes were 
isolated so that slower casting speeds gave a sounder 
billet with (in 184-1 steel) less carbide segregation, as 
shown in Fig. 29. It might be expected that water- 
spray cooling below the mould would have a similar 
effect in reducing casting-pit depth, but only very 
slight structural improvement was obtained from 
water-spraying. 

With continuously cast 18-4-1 high-speed steel 
severe central carbide segregation was found when 
casting speeds of about 36 in./min, the optimum plant- 
operating speed, were used. It corresponded to a 


worsening of shrinkage porosity, both effects being 
due to the same cause. When casting speeds were 





(a) Sprayed 





(b) Unsprayed 


Fig. 283—Comparison of water-sprayed and unsprayed 18-4-1 billet 
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(a) 12 in./min (b) 36 in./min 


Fig. 29—Comparison of billet soundness at different 
casting speeds, 18-4-1 steel x } 


(a) 12 in./min (6) 24 in./min (c) 34 in./min 


Fig. 30—Carbide segregation in 18-4-1 steel with 
various casting speeds x 3 
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reduced to 12 in./min the carbide distribution became 
acceptably fine, but then plant operation problems 
supervened, as described previously. Comparative 
carbide structures produced at various casting speeds 
are shown in Fig. 30. 

It was not found that the cleanness of the internal 
structure of continuously cast steel was inferior to 
that of standard steel ingots. If anything it was 
slightly better, although an exact comparison was 
difficult because the slight differences in cleanness 
which were looked for could easily have resulted from 
slight variations in steelmaking from heat to heat. 
Inclusions found were of silicates or alumino-silicates 
indicating that they could be derived from the steel 
itself, or from refractories. In general, billets cast by 
splitter pouring, with less efficient slag separation, 
were dirtier than those cast by tundish pouring. Such 
splitter-poured billets were also more prone to the 
formation of silicate-type inclusions from the slag, 
than were the tundish-poured billets. These more 
frequently contained alumino-silicates with a high 
proportion of alumina, indicating that they may have 
resulted from the alumina build-up developed in the 
meter nozzle being periodically washed through into 
the continuous-casting mould. 

With some simple steel qualities such as En24, 
special precautions had to be taken to get hydrogen- 
free material at the furnace, particularly since very 
hot steel was needed. If these precautions were not 
taken, the extra hydrogen pickup resulting from the 
oil used as lubricant in the process gave a wild billet. 
Such hydrogen pickup was assessed, and for 18-8 
stainless steel it was 1-6 cm* hydrogen per 100 g of 
steel, when rapeseed oil was used as lubricant and 
1-2 em® hydrogen per 100 g of steel when water was 
used as the lubricant. In this test, metal was sampled 
at the furnace and at the bottom of the plant 
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Fig. 32—Banded segregation in bar made from con- 
tinuously cast 18-4-1 steel, full size 


(at about 600° C). Thus, with the alloy steel qualities 
cast on this plant hydrogen pickup from the lubricant 
was not a problem: the less highly alloyed steel 
qualities needed special precautions to ensure a low 
hydrogen content at the furnace. 

Surface carbon pickup, from the lubricant, also 
occurred in varying amounts with different steels as 
shown in Fig. 31. The carbon pickup decreased 
towards the centre of the billet until at about 0-01 in. 
below the surface the steel had the correct analysis. 
Such carbon pickup was eliminated by scaling in 
billet reheating operations, and no trouble from it was 
encountered with rolled bar. 

Billets of all qualities produced in the continuous- 
casting pliant were rolled to 1}-in. dia. bar (92% 
reduction) and examined in this condition. In all 
cases where there was porosity in the original billet 
this was welded up in the rolled 1}-in. bar except 
when the pipe penetrated to the surface at one end. 
When this happened the surface of the pipe became 
oxidized and did not weld up: thus the elongated 
voids in the cast billet gave more trouble from this 
point of view than small dispersed voids. In no case, 
however, was the pipe welded up at 66°, reduction. 
At a 92° reduction the cast structure was broken 
down, but when carbide segregates were present in 
the original billet these persisted in the rolled bar in 
the form of heavy banding (Fig. 32). Such banding 
was very troublesome in billets of 18-4—1 steel cast 
at fast casting speeds and much of this material was 
scrapped on account of it. The surface of the rolled 
1}-in. dia. bar has in all cases been comparable to 
that of standard production, but both continuously 
cast billets and standard small ingots were normally 
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surface dressed before rolling down. Normally both 
required the same amount of dressing, although a 
particularly bad continuously cast billet sometimes 
needed excessive dressing. Samples of billets of all 
qualities cast have been extruded to bar 1} in. dia., 
and in all cases where looseness existed in the original 
billet this was not completely welded up on extrusion, 
except for some billets such as R22 where in the 
original cast billet looseness was only slight. The 
surface of the bars was generally good, but since the 
extrusion slugs were machined, this surface bore no 
relation to the cast surface of the billets. In all 
qualities both axial segregation and carbide distri- 
bution appeared similar to that in corresponding 
material produced by hammering, cogging, and rolling. 


CONCLUSIONS 


Work described here has shown that the operation 
of a plant to the general design described can be 
undertaken on a works scale to produce continuously 
cast billets of 4-in. square section of alloy steel. There 
are, however, limitations regarding the speeds which 
may be used, depending on the particular steel cast. 
For successful continuous casting, particular attention 
must be paid to steelmaking and ladle practice, and 
tighter control is needed than can be tolerated in 
standard ingot practice. 

The structure of the so-called ‘ billet’ produced by 
continuous casting was essentially similar to that of 
an ingot of comparable section. Normally the struc- 
ture of the continuously cast billets produced during 
this work was slightly inferior to similar ingot struc- 
tures, but under certain casting conditions it was 
slightly better. In no cases was a marked improve- 
ment obtained. In particular, 18-4~-] steel cast 
under conditions which gave satisfactory plant opera- 
tion on one strand in accordance with the plant design 
did not give a satisfactory billet structure, because of 
centreline shrinkage, porosity, and the occurrence of 
carbide segregates. Water-spraying and electro- 
magnetic stirring gave no significant improvement in 
the structure of 184-1 high-speed steel. 

The economics of the process have not been con- 
sidered in this paper, but investigation showed that 
the casting of 18-4-1 high-speed steel would be an 
economical proposition at 36 in./min casting speed 
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if the resultant bars were acceptable in quality. How- 
ever, it has been shown that satisfactory quality can 
only be obtained by casting at below 15 in./min which 
causes handling and casting difficulties. 

To cast 184-1 high-speed steel successfully it may 
be necessary to alter the method as follows: 

(1) Alteration of the section cast, e.g. to oval or 

rectangular section 

(2) Modification of the pouring system to permit lower 

casting speeds 

(3) Modification of the stirring method to avoid carbide 

segregation. 

Stainless steel (18-8) can be produced through the 
continuous-casting machine with satisfactory quality, 
but investigation of the economics of this particular 
plant suggested that the increase in yield obtained was 
insufficient to balance the extra expense compared 
with conventional casting techniques. 
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SYNOPSIS 


Apparatus and methods have been developed for a determination 
of the total hydrogen content of ferrosilicon, with a view to 
avoiding errors caused by volatile impurities. Vacuum-fusion of 
previously vacuum-heated samples indicates the presence of 
residual hydrogen. 

Hydrogen in ferrosilicon shows severe segregation depending on 
the presence of hydrated lime and alumina in the sample. The 
hydrogen content increases with decreasing particle size, increasing 
atmospheric exposure, and rapidity of analysis after manufacture. 
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INTRODUCTION 


IN RECOGNITION OF the adverse effects of hydro- 
gen, steelmakers are attempting to control the 
amount introduced into the steel after the period of 
boiling. A rough estimate indicates that the deoxi- 
dizers are probably not a major source of hydrogen. 
In mild and low-alloy steel grades any potential 
hydrogen originally present in the ferroalloy additions 
will usually be reduced by a factor of about 50 to 100 
when converted to the basis of 100g of steel. It 
would appear, therefore, that contributions from the 
deoxidizers might be of little importance except in 
cases of carefully controlled steels; nevertheless, it 
seems worthwhile to establish the ranges of hydrogen 
contents to be expected in some of the more commonly 
used grades of ferrosilicon. 

A summary of published analytical data for 
commercial grades has been made in Table I. Some 
of these figures, e.g. those reported by Hatfield and 
Newell, are average values obtained over a period of 
several years. The Russian authors Eljutin, Pawlow, 
and Lewin® state that contamination of the steel 
through ferrosilicon addition may at times occur. 

It will be noted that the figures reported by Hoch- 
mann are the only ones measured by vacuum-heating. 
The nitrogen content determined in this way was 
too low as compared with wet chemical methods; the 
amount of hydrogen found by hot extraction could 
not be controlled because evaporation interfered in 
the vacuum-fusion method. 

Liang, Bever, and Floe’ measured solubilities at 
1400° and 1600°C in the range 5-25p.p.m. It is 
not known to what extent equilibrium will be ap- 


proached under conditions prevailing in pouring from 
temperatures well above 1600° C. 


APPARATUS AND ANALYTICAL PROCEDURE 

Two pieces of apparatus of conventional design have 
been used: one for vacuum-heating analysis in the 
temperature range 650-900° C, and one for vacuum- 
fusion. Both pieces of apparatus are equipped for a 
complete chemical analysis of the extracted gases; 
however, for reasons to be discussed later, only H,O, 
H,, and the total gas contents have been reported. 

The vacuum-fusion apparatus is operated at about 
1500° C and a nominal speed of pumping of about 12 
1./s. Under these conditions a serious loss of hydrogen is 
encountered with alloys containing significant amounts 
of calcium, probably through the formation of 
calcium hydride in the film of condensed metal. An 
arrangement has therefore been provided for external 
heating of the quartz-glass furnace tube to about 
650° C after each fusion. 

On the average, three to five samples may be tested 
in one crucible. Alloys containing more than about 
4%Ca require a more frequent replacement, a double 
or even a triple desorption being necessary in these 
cases. This eventually causes the metallic deposit to 
distill into the quartz-to-glass junction, when the 
furnace section must be disassembled and cleaned. 
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Various methods have been tried to overcome this 
and other analytical difficulties. A brief presentation 
of these experiments will be made in a separate 
section at the end of the paper. 


EXTRACTIBLE AND RESIDUAL HYDROGEN 


In view of the simplicity of the vacuum-heating 
method, which appears to be widely used in the 
U.K.,® ® it was thought desirable to test the com- 
pleteness of extraction in vacuum-heating. The 
residual hydrogen content was determined by vacuum- 
fusion of samples that had already been analysed by 
vacuum-heating at 650° or 900°C. These samples 
were partly in the form of 3-5-g pieces, and partly 
crushed and screened to a particle size between 0-8 
and 1 mm diameter. The latter ones were contained 
in previously degassed mild-steel capsules about 1 g in 
weight. In all cases great care was taken to avoid 
those parts of the original lumps that had been ex- 
posed to the atmosphere. 

The results of these tests are shown diagrammatic- 
ally in Fig. 1. Disregarding for the moment the 
variations in the absolute values of the measured 
hydrogen contents, and postponing the discussion of 
other details of the histograms in Fig. 1, it may be 
stated that a significant fraction of hydrogen has been 
recovered in vacuum-fusion of previously vacuum- 
heated samples. This is true also when the vacuum- 
heating was performed at 900° C, a conclusion which 
has been confirmed later by fusion of two control 
samples analysed at 900° C in the B.I.8.R.A. labora- 
tories at Sheffield. An independent control of the 
reproducibility in vacuum-heating at 650° to 700°C 
has been obtained through cooperation with Metallo- 
grafiska Institutet in Stockholm: at 700° C, a crushed 
and screened sample (75°%Si) was found to contain 
4-2 + 0-1 ml H,/100g, whereas vacuum-heating at 
650°C in the authors’ laboratory showed 4-1 
0-3 ml/100 g. 

Whilst the presence of residual hydrogen even after 
vacuum-heating at 900°C appears reasonably well 
established qualitatively, it is not possible to make 
quantitative statements on the basis of the available 
data. The fraction not recovered in vacuum-heating 
seems to depend, as much on the kind of alloy and on 
the particle size, as on the extraction temperature. 
This is also true for the composition of the extracted 
gases, as can be seen from Table II. The fraction of 
hydrogen in these gases varies between 48 and 96%, 
and it may be quite misleading to report the total dry 
gas as hydrogen. The presence of moisture will be 
considered in a separate section. 


SEGREGATION OF HYDROGEN 


The scattering of results to be seen in Fig. 1 might 
conceivably originate from some unknown error in 
the analytical procedure. Some alloys, on the other 
hand, have yielded fairly consistent values when 
tested over a period of several years. This points to 
heterogeneity as a more probable source of scattering. 

An inspection of Fig. 1 reveals that the scattering 
of results is not eliminated by a sub-division of the 
alloy to a particle size below 1 mm diameter. Addi- 
tional data not shown here confirm the trend indicated 
by Fig. 1: the use of a crushed and screened sample 
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* The LS/04-2 sample with asterisk has been fused after vacuum-heating without breaking the vacuum 
Fig. 1—Examples of vacuum-fusion of previously vacuum-heated samples 


reduces the scattering with alloys tending to give 
consistent results when tested in lump size, but does 
not improve the reproducibility much with other 
alloys. 

Taking as an example alloy No. B4 containing 90% 
Si, it is seen that two determinations of residual 
hydrogen have given values of 5 and 12 ml H,/100 g. 
These data were obtained with samples containing 
about 3000 particles each. This difference of about 
7 ml/100 g must be accounted for by excessively high 
hydrogen contents of a few particles, say 5 or 10, since 
it is impossible for any large number of ‘ abnormal ’ 
particles to accumulate in one of the two halves of a 
thoroughly mixed sample. To this order of magnitude 


Table I 
PUBLISHED DATA ON GASES IN FERROSILICON 


Grade, 
(o, Si} | mliel g| poe. 





Nitrogen, |p eference 


“eo Method 





(1) 





(1) 


(3) 











(1) 





(2) 
(3) 























* Grade of alloy not stated 
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then, the residual hydrogen content of such particles 
would be 


(7 ml ane particles) 
100 g/ (5 to 10 particles) 


A concentration of this magnitude strongly indicates 
the presence of hydrated lime or alumina, which in 
turn could be derived from the respective phosphides 
or carbides through reaction with atmospheric mois- 
ture. 

Whilst a quantitative verification of this assump- 
tion cannot be given at present, there are qualitative 
indications of a segregation of calcium. This has been 
demonstrated with 1-mm particles of cast No. LS/04-2 
by dropping one particle after another into a thin 
layer of a gelatine solution to which phenolphthalein 


Table II 


EXAMPLES OF AVERAGE CHEMICAL COMPOSI- 
TION OF EXTRACTED GASES 


~ 3000 ml/100 g. 





Extracted Gas, 
ml/100 g ne 
Hy, % 





ol 
H, lco + H,O 9 
| Na 
| 
| 





1- 
1- 
1 
1 











$3 2 | £8 &2 | £2 SE 





ee 
z 
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1 Stored as 3O0-5OO-g pieces 
L —»— |5-qpieces 
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(a) Spatial distribution of hydrogen 


100 200 
STORING TIME, days 


(6) Effects of storage 


Fig. 2—Measurements of sand-cast 75%, ferrosilicon 


had been added as an indicator. A distinctly pink 
halo indicating the presence of lime was observed 
around a few particles out of a total of one thousand. 
The exact number of such particles cannot be stated 
precisely, for this number will depend on an arbi- 
trarily chosen limit of colour intensity. 

Another indication of short-range heterogeneity has 
been found in alloy LS/04-2 through measurements 
performed on a particle fraction below 300 mesh. This 
fraction was obtained as a by-product in the prepara- 
tion of samples of nut size, and it is therefore not a 
result of a prolonged process of crushing. A com- 
parison of the contents of calcium, aluminium, phos- 
phorus, carbon, and hydrogen in this fraction with the 
corresponding figures for nut-size samples shows that 
these elements have accumulated in the fines, as 
would be expected on account of the brittleness of 
the carbides and phosphides: 


wt-% Gas Content, 


ml/100 g 
Particle Size 


H,O 4H, H; 
Ca Cc Al P (650°C)(650 C) (resi- 
dual) 


10—12 mm 
< 300 mesh 


0-7 trace 2:5 0:02 O-1* 8 6 
1:8 0-093-9 G-06 12-57 185 22 


* Freshly prepared samples t Samples stored in desiccator 

Further observations in support of the postulated 
reaction with atmospheric moisture will be presented 
in a subsequent section dealing with atmospheric 
exposure. Although the non-uniform distribution of 
potential hydrogen is not a result of true primary 
micro-segregation, it has the same effect and must be 
considered in the appraisal of analytical data. 

In contrast to the apparent microscopic segregation, 
a true segregation on a macroscopic scale appears to 
be less pronounced. An indication of the distribution 
of hydrogen in sand-cast ferrosilicon (75%Si) is 
given in Fig. 2. By comparison of the total hydrogen 
contents measured over a period of 25 to 45 days after 
pouring, it is seen that the hydrogen content of the 
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upper central parts tends to be slightly lower than 
the average content. 


EFFECTS OF ATMOSPHERIC EXPOSURE 


The hydrogen contents presented hitlierto have 
been measured, either after removal of the original 
surface of the sample, or with samples that have been 
carefully protected against atmospheric humidity 
after crushing. In the case of powder < 300 mesh 
reported above, the precautions have not been 
sufficient to prevent a reaction with water vapour 
during the preparation of the sample. A less rapid 
pick-up of moisture is observed with samples of a 
larger particle size as well; however, the state of this 
surface hydrogen appears to depend as much on the 
properties of the alloy as on the particle size. 

A nearly reversible adsorption of water was shown 
by a 75% silicon grade LS/04-1, which had been 
stored as pieces of walnut size for several months at 
20° C and 60% relative humidity. At the end of this 
period the average bulk content was 4-8 ml H,/100 g, 
as measured in the central parts of several lumps, 
whilst a test including the exposed surface gave the 
following result: , 

8-4 mlH,0/100 g 
3-0 mlH,/100 g 
2-1 mlH,/100 
8-4 mlH,0/100 g 
5-1 mlH,/100 g 


Vacuum-heating at 650° C 
Subsequent fusion 
Total, incl. surface 


Similar results were obtained with freshly crushed and 
screened samples of the same alloy (particle size 0-8- 
1-0 mm dia.). When tested at 650° C after various 
periods of exposure, the gas content including surface 
hydrogen was found virtually constant with one 
exception: 


Exposure, h 0 
H,0, m1/100 g 
H,, m1/100 g 

CO, etc., ml1/100 g 


0-7 
2-3 
2°8 


In other alloys, exemplified by grade No. LS/04-2 
(75% Si), the adsorbed moisture could not be removed 
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Table III 
AVERAGE CONTENTS OT TOTAL HYDROGEN IN SOME COMMERCIAL GRADES 





Grade No. T2 | LS45 El E2 | Mw 


LS/04-1 LS/04-2, B2-1 E4 E3 B2:2 B4 





Silicon, %, 2 | 6 | 48 | | 78 | 75 


75 75 77 78 79 | 82 90 98 





Hydrogen, 
m1/100 g 





10 12 15 








entirely. This is shown by vacuum-heating analysis 
at 650° C of the following three series: 


(a) Particles 0-8 to 1-0 mm dia.; stored 4 months in 
desiccator 


Exposure, h 0 6 24 
H,0, m1/100 g 2-6 and 1-3 1-3and 1-0 4-0 and 2-6 
Dry Gas, 


ml/100g 7-6and6-5 6-6and7-7 10-7and8-9 


(b) Particles 0-4 to 0-8 mm dia.; degassed at 800° C 


prior to exposure 


Exposure, h 

H,0, m1/100 g 0 6: 
H,, ml1/100 g 0 2: 
Other Gases, ml/100g 0 4: 


2:3 0-5 
10-9 11: 


(c) Powder < 300 mesh (same material as described 
on p. 251); degassed prior to exposure; saturated 
air 

Exposure, h 0 
H,0, ml/100 0 
Neacocibenible, 

m1/100 g 0 
Condensible, ml/100 zg 0 


6 
4- 
6: 
9 - 


4 

0 . 

29:0 33-5 3 
38-1 36-3 3 
In series (a), the content of dry gas is seen to 
increase with time without a corresponding increase 
of desorbed moisture. Series (b) shows increasing 
amounts of moisture with increasing exposure time; 
in contrast to grade No. LS/04~1, however, the present 
alloy also gives off increasing amounts of other gases. 
Series (c) indicates a chemical reaction even more 
strongly. In this case the hydrogen content could not 
be measured because the gases derived from the 
sample ‘poisoned’ the palladium tube in a short 
time. After drying over P,O, a condensible fraction 
has been determined by successive compression in the 
McLeod gauge. The saturation pressure of this com- 
ponent is about 20 mm Hg at room temperature. It 
appears to decompose slowly into constituents that 
are not condensible. These observations are in 
reasonable agreement with published data for hydro- 
gen hemiphosphide P,H,, which has a boiling point 
of 57°C and which decomposes to PH, and P,,H, 
through a photochemical reaction.” It appears thus 
that the different behaviour towards atmospheric 
exposure shown by these two alloys depends on a 
chemical reaction in one case, and on physical ad- 
sorption in the other. This difference may be of 
significance both with regard to shipping and storing 
of the alloy, and to the effect of redrying prior to use. 
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LOSSES OF HYDROGEN DURING STORAGE 


It has been shown that the hydrogen content 
including surface hydrogen will increase with time 
under usual conditions of storage. This is not true for 
the concentration prevailing in the interior of the 
particles, as can be seen from Fig. 2. In spite of con- 
siderable scattering, a trend of lower hydrogen 
contents with increasing time can be discerned. This 
effect appears to be more pronounced during the 
first four months; after this period there is hardly any 
change to be noticed. This process of diffusion occurs 
simultaneously with any surface reaction. Thus the 
filled columns in Fig. 2 indicate an average bulk 
content after 4 months slightly higher than 5 ml 
H,/100 g, and after another 4 months slightly lower 
than 5mlH,/100g. One of these pieces, when 
analysed with its original surface intact, gave a total 
content of 13-5 ml (H, + H,O)/100 g. 

A reduction of the bulk hydrogen content has also 
been observed with other alloys, e.g. grade LS/04-2 
shown in Fig. 1. When tested 11 days after pouring 
(particle size 0-8-1-0 mm; columns to the right) the 
extractable hydrogen content was nearly twice that 
obtained after 45 days (particle size 10-12 mm; 
columns to the left), As a further example, a drop of 
the bulk hydrogen concentration from about 8 to 
about 3 ml/100 g has been observed in a 45% silicon 
grade after 3 years’ storage. 

Although the effects of storing observed so far are 
not sufficient for any quantitative evaluation, they 
indicate a clear trend of loss of hydrogen during the 
early stages. This conclusion has been confirmed and 
amplified by measurements by 8S. Velken of the 
ELKEM laboratories in Kristiansand.“ When tested 
a few hours after pouring, the content of diffusible 
hydrogen in 75% silicon grades is higher than in 
stored material by a factor between 2 and 2-5. 


HYDROGEN CONTENTS OF SOME COMMERCIAL 
GRADES 


All of the present work has been carried out 
with samples taken from the current production of 
Norwegian works. Although the data collected so far 
are by no means complete, it is believed that they 
give a reasonably representative indication of the 
average bulk hydrogen contents to be expected with 
the present methods of production. 

The results are shown in Table III. By comparison 
with the published data in Table I, it is seen that 
the latter ones are largely higher. This is believed to 
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depend mainly on differences in techniques of sampling; 
at any rate the figures reported by Hatfield and Newell 
were obtained on samples containing parts of the 
exposed surface. The contribution from such surfaces 
may have more than counterbalanced losses of 
hydrogen, if any, resulting from film adsorption in the 
vacuum-fusion apparatus. 


LIMITATIONS OF THE VACUUM-FUSION 
PROCEDURE 


A correct appraisal of the film-adsorption effect is a 
major source of uncertainty in the comparison of the 
present data with published figures, this effect being a 
function of the properties of the alloy as well as of the 
apparatus design. Selective adsorption of hydrogen 
has been predicted,!* and was confirmed early in the 
present investigation when only one pump of 21./s 
capacity was used. Under those conditions about 
75% of the hydrogen released from the molten metal 
was lost by adsorption, even with alloys containing 
no more than 0-17%Ca. With two pumps in series, 
giving a nominal capacity of 12 |./s, the adsorbed 
fraction may be reduced to a range between 15 and 
60° with such alloys, the high figures applying to 
tests performed with a deposit already present from 
the fusion of previous samples. 

Alloys containing 0-7°4Ca, as grade No. LS/04-2, 
may produce enough deposit during the first or 
second test to give an adsorption close to 90% at a 
pumping speed of 12 1./s. The following data, obtained 
with alloy LS/04-2 at a nominal speed of pumping 
about 70 1./s, indicate that significant errors may arise 
even with the first sample when the calcium content 
is high: 


Colleeted gas H,, ml/100 g (CO + Ny), 


ml/100 g 
6-40 
0-32 
6-7 


3-15* 
2-85 
6-0 


Fusion 
Desorption 
Total 
* Including 0-5 ml H,O/100g 


Preliminary experiments using a bath of about 
25° Si in iron for dilution of the sample have not been 
successful so far. This arrangement has proved 
satisfactory with the first two or three samples of 
low-calcium ferrosilicon, but even in this case a 
gradual accumulation of condensed metal has been 
observed. It remains to be seen whether a combina- 
tion of dilution and of increased speed of pumping 
will prove adequate in preventing losses of hydrogen. 

A dilution of 75°%Si and higher-grade samples will 
probably also be beneficial in preventing a conversion 
of the graphite crucible into one of silicon carbide. The 
indications of chemical reaction of this kind are not 
only a change of the graphite lustre after fusion of the 
first sample, but also a rapid penetration of the walls, 
metal sputter being frequently observed at the 
inside of the radiation shield. After fusion of about 
15g of high-grade ferrosilicon there is usually no 
button of metal left in the crucible. 

As a consequence of the formation of silicon 
carbide, the reduction of oxides is not complete with 
undiluted high-grade alloys. When such alloys are 
charged in a crushed and screened state in mild-steel 
capsules, it is frequently observed that the evolution of 
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CO is less than that corresponding to the oxygen 
content of the capsule itself, in particular when more 
than one sample has already been fused in the crucible. 
It must be accepted that a similar lack of reduction 
prevails also with nut-size samples where this effect 
cannot be demonstrated directly, and it must be 
concluded that published data obtained without 
dilution ‘will be on the low side. The nitrogen deter- 
minations on the other hand appear to be less affected. 


CONCLUDING REMARKS 


In summing up the conclusions of the work pre- 
sented above, it should be emphasized that some of 
the analytical problems have been barely touched 
upon. 

The methods adopted are considered basically 
sound and sufficiently accurate for most purposes; it 
is realized however that both equipment and pro- 
cedures should be simplified for routine work. In such 
cases where a knowledge of the residual hydrogen 
content is required, it is hoped that further work along 
the lines of dilution and of high rates of pumping will 
prove fruitful. In particular, dilution appears to be a 
necessary step when figures for the oxygen content are 
required, as has been suggested more than 10 years 
ago for non-ferrous materials by H. A. Sloman.’* 

The scattering of results obtained with the vacuum- 
fusion method is believed to be an inherent characteris- 
tic of commercial ferrosilicon. It might prove feasible 
to reduce or avoid this scattering through a proper 
preparation of the sample, e.g. by a more extensive 
crushing and screening than applied in the present in- 
vestigation. Such a procedure is open to criticism, 
in particular from a consumer’s point of view, because 
the sample would not be representative in the absence 
of hydrated lime and alumina. A proper solution to 
this problem might consist either in accepting the 
scattering as a piece of information adding to a 
description of the material, or in the use of two 
separate figures, i.e. one for the hydrogen content of 
the matrix of the alloy and another giving the 
maximum hydrogen content corresponding to a 
complete transformation of carbides and phosphides. 
into hydrated oxides. 

A similar problem of sampling is encountered with 
regard to surface hydrogen. In this case it would seem 
reasonable to include the surface moisture in the 
total hydrogen content whenever a roasting treatment 
will not remove the moisture as such. From the 
preliminary work presented here on this question, it 
appears that the adsorption will be more or less 
irreversible depending on the presence of carbides 
and phosphides in the alloy. It must be concluded 
therefore that the problems of sampling cannot be 
properly settled until these effects have been more 
thoroughly studied. 
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Open-hearth Furnace Regenerators 


A SURVEY OF THEORETICAL AND EXPERIMENTAL WORK WITH 
RECOMMENDATIONS FOR THE CALCULATION OF PREHEAT 


By the B.I.S.R.A. 


PREFACE 


IN 1956 the Steelmaking Instruments Sub-Committee 
examined much information on open-hearth regenera- 
tor practice, including the following factors: 

(1) Air velocity through the checkers 

(2) Air volume per unit surface of checkers 

(3) Checker surface area per unit brick volume 

(4) Checker surface area per unit air flow per hour 

(5) Regenerator shape (height to length) 
only to find that no helpful conclusion could be 
reached on how to increase the level of preheat tem- 
perature in an open-hearth furnace. Hence the Sub- 
Committee formed, in January, 1957, the Regenerator 
Group with the remit “to summarize the present 
knowledge of regenerator theory and practice, to 





Paper SM/AH/103/58 of the Steelmaking Instruments 
Sub-Committee of the Steelmaki Division of the 
British Iron and Steel Research Association, received 
on 4th July, 1958. 

The constitution of the Regenerator Group was as 
follows: Mr. W. C. Heselwood (Chairman), United Steel 
Companies Ltd.; Mr. K. W. Bell, B.1.S.R.A.; Mr. A. J. 
Brown, B. LS.R.A.; De. W. Cashmore, formerly of 
Guest Keen Iron and Steel Co., Ltd., now with Algoma 
Steel Corporation, Canada; Mr. 0. W. J. Crawford, 
B.1.8.R.A.; Mr. J. V. Edwards, Steel Company of Wales 
Ltd.; Dr. 6. Hulse, Sheffield University; Dr. G. R. Mat- 
tocks, British Glass Industries Research Association; 
Mr. R. Mayorcas, John Summers and Sons Ltd.; Mr. D. 
Meachen, B.1.S.R.A.; Dr. J. Pearson, B.1.8.R.A.; Mr. 
D. Thomas, Park Gate Iron and Steel Co., Ltd.; Mr. P. 
Start, Sheffield University; and Mr. J. W. Till, John 
Summers and Sons Ltd. 
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Regenerator Group 


SYNOPSIS 


This survey covers experimental work by many investigators into 
the various factors affecting regenerator design. It is shown that 
care and attention to design, sealing, and cleaning of the regenerator 
increase both the preheat level obtained and the working life of the 
regenerator, and thus increase the output and availability of the 
furnace. 

A review is included of some experimental and theoretical work 
on the calculation of heat transfer in regenerators. Graphs are 
given to enable the relative effects of changing design to be quickly 
determined, in specific cases, without recourse to calculation. 

A recommended method for calculating heat transfer in a re- 
generator is demonstrated by a worked example. The calculation is 
quick and easy and, for a typical regenerator, takes about 30 min. 

1603 


indicate what further gains in furnace performance 
might be achieved by improvements in regenerator 
efficiency, and to recommend the course further 
investigations should take.” 

This Group, the constitution of which is given 
below, was able to make a quick start because two of 
its members, Dr. W. P. Cashmore and Mr. J. V. 
Edwards, immediately put at its disposal their own 
private surveys on the experimental (Part I) and 
theoretical (Part IT) aspects ofthe subject respectively, 
and Mr. D. Meachen and Mr. K. W. Bell jointly drew 
up a recommended method for calculating preheat in 
a regenerator system (Part III). Although in the 
course of discussion during several meetings many 
changes were suggested and agreed upon, the Group, 
while accepting responsibility for the report, acknow- 
ledges that the work of these four members forms the 
basis of the report. 
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LIST OF SYMBOLS 


A Total exposed heating surface of checker 
bricks, ft? 
B Atmospheric pressure, lb/in® 
Cc A constant 
Cp Specific heat of a gas at constant pressure, 
B.t.u./Ib/° F 
d Duct width, in. 
hy Total frictional pressure loss over re- 
generator height, in. w.g. 
L Total regenerator height, ft 
A factor 
n A factor 
r Standard heat resistance 
T° K = 
°C +273 Absolute gas temperature (Kelvin) 
Ww True velocity of gas, ft/s 
W, Velocity of gas corrected to N.T.P., ft/s 
ae Convective heat-transfer coefficient for 
waste gas or air, B.t.u./ft®-h-° F 
Total radiation heat-transfer coefficient 
from water vapour and CO, for a 
particular case, B.t.u./ft?-h-°F* 
Correction for true temperature con- 
ditions to be added to a(co,+n,0), 
B.t.u./ft®-h-° F 
Total radiation heat-transfer coefficient 
waste gas to brick, — t.u./ft®-h-°F* 
True density of a gas, lb/ft* 
Density of gas at N.T.P., lb/ft® 
Thermal conductivity of a gas, B.t.u./ft?/ 
h/° F 
Excess air factor. 
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Part I—A Critical Survey of Experimental Work 
on Open-hearth Regenerators 


INTRODUCTION 


In this part of the report it is intended to survey 
the existing literature on the measurement of preheat 
and its influence on open-hearth furnace operation. 

The feature which distinguished the open-hearth 
furnace from its predecessors was its regenerators, 
the introduction of which was necessary before Sie- 
mens was able to make steel using the relatively 
low-grade fuels at his disposal. It is therefore not 
surprising to find that the temperature of the in- 
coming air is a critical factor affecting furnace 
operation. Although many early steelmakers were 
aware of this fact, a considerable time elapsed until 
instruments could be developed which would enable 
the air temperature to be measured with any degree 
of accuracy. 

Bansen! was well aware of the intimate relationship 
which existed between preheat and furnace perfor- 
mance but, owing to the limitations of the instruments 
available to him, he was forced to use the temperature 
of the top courses of the checkers as an estimate of 
the preheat. He was able to show that both working 
rate and fuel consumption were considerably affected 
by variations of this quantity (see Fig. 1). Other 
notable workers in this field were Schack,? Trinius,* 
Finlayson and Taylor,* and Heiligenstaedt.° Schack 
used a type of suction pyrometer which he had 
developed to measure air and waste-gas temperatures 
at various points in the furnace. After this pioneer 
work little seems to have been done until Marsh® 
related furnace performance to preheat temperature 
at Bethlehem Steel Corporation. The next measure- 
ments were made by Larsen’ at the United States 
Steel Corporation, while subsequent work has been 
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Fig. 1—Relationship between regenerator temperature, 
working rate, and fuel consumption (Bansen') 


done by Cashmore® and also by Carney, Oravec, and 
van Meter.® The results obtained by all workers show 
the beneficial effect of preheat on open-hearth per- 
formance. They will be discussed in more detail later. 
Recently some measurements of waste-gas tempera- 
tures have been carried out by Kornfeld, Voitov, and 
Koshelev’® (see later). 

It should be realized that procedures for measuring 
preheat vary widely and comparison of various 
investigators’ results can, therefore, be misleading. To 
enable comparisons to be of value the Regenerator 
Group adopted the following definition of preheat 
temperature for its investigations: 

Preheat temperature is the temperature of the 
combustion air during the refining period at the 
moment half way through the air cycle, at a position 
not less than 12 in. from the uptake wall and 
between stage level and the point where the uptake 
turns into the air port. 


GENERAL CONSIDERATIONS 


Before discussing the experiments referred to in 
greater detail, it seems worthwhile to consider the 
general background against which these experiments 
must be interpreted. 

It is evident that in the open-hearth furnace, how- 
ever high the rate of heat transfer, the waste gases 
can never leave the furnace laboratory at a tempera- 
ture lower than that of the surface of the slag. (In 
practice this statement requires some modification 
to allow for the effect of heat losses and infiltrating 
cold air, but the general principle remains the same.) 
This means that the combusting gases can give up 
only a relatively small fraction of their sensible heat 
before leaving the furnace laboratory and, unless 
some steps are taken to recycle some of this, the heat 
requirement per ton of steel is extremely high. Thus 
the regenerative principle becomes more important 
the lower the grade of the fuel and the higher the 
charge surface temperature. Indeed, for certain low- 
grade fuels it would be impossible to make steel 
without regenerators. Thus the regenerative effect 
increases the fraction of the heat in the flame available 
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for heat transfer. It will also, by virtue of the 
increased flame temperature, be possible to enhance 
the heat-transfer rate itself. 

It is evident that what is of real interest, strictly 
speaking, is not so much the preheat level itself as 
its relation to the waste-gas temperature, since the 
latter gives a measure, for given combustion con- 
ditions, of the rejected heat, and the preheat in rela- 
tion to this temperature provides an indication of the 
proportion of this heat which is recycled into the 
furnace. However, some investigators have reported 
that the waste-gas temperature is surprisingly constant 
within the range 1600-1650° C during the refining 
period. Although the absolute accuracy of waste-gas 
temperature measurements made hitherto has been 
questioned, the readings appear to be consistent; it 
has been noticed at the Guest Keen Iron and Steel 
Co., Ltd., Cardiff, for instance, that the waste-gas 
temperatures do not vary significantly over a wide 
range of combustion conditions. This surprising 
conclusion has also been confirmed by Kornfeld, 
Voitov, and Koshelev” inthe U.S.S.R., who found that 
there was no real change when up to 30% of oxygen 
enrichment was used in the combustion air. 

It should be borne in mind, as Schack" has pointed 
out, that every unit of heat supplied as preheat is 
available for heat transfer, whereas only about a 
quarter of that supplied in the fuel eventually finds 
its way into the bath. Therefore, a false impression 
of the value of the heat recycled as preheated air 
may be given by assessing it in terms of the actual 
proportion of heat. 

The effect of additional preheat on the useful heat, 
i.e. the amount of heat available before the gases are 
cooled to the temperature of the steel, is illustrated 
in Fig. 2. The quantity of heat in the gases leaving 
the furnace at 1600° C depends on the fuel and excess 
air but is independent of the preheat. If the amount 
of heat recycled as preheat is increased from AB to 
AC, the total heat is increased from AF to AG and 
the additional useful heat recycled is in the proportion 
FG: EF rather than FG: AD. 

It is possible that, as the standard of maintenance 
improves through careful sealing and continuous 
waste-gas analysis, the desirability of measuring 
waste-gas temperatures will become more apparent. 
It would seem that, having concentrated on the 
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temperature of the air itself, we should be well 
advised to consider the waste-gas temperature. 

Summing up, therefore, it is evident that the effect 
of preheat is to increase the heat release in the furnace 
laboratory and so improve the furnace performance. 
It must be remembered that as the campaign proceeds 
and changes occur in the regenerator system there will 
be a change in preheat. There will also be a consider- 
able increase in the heat losses from the furnace 
laboratory, and these two factors between them will 
tend to reduce that fraction of the heat released which 
is taken up by the bath. 


DISCUSSION OF RESULTS 


The results of investigations can be divided under 

two headings: 
(1) The effect of preheat on output rate and fuel 
consumption for a given regenerator design. 
(2) The effect of a change in regenerator design 
on preheat, output rate, and fuel consump- 

tion. 

Tables I and IT show the effect of these features on 
working rate and fuel per ton. Table I shows that 


Table I 


EFFECT OF PREHEAT ON WORKING RATE AND 
FUEL CONSUMPTION 





Origia 





Bansen | 15 


Marsh: Bethlehem Steel | Not quoted 
Works 


Cashmore: Guest Keen } 8 
Iron and Steel Co., Ltd., | | 
Cardiff 


rney, Oravec, and van | 
Meter: United States 
Steel Corporation 


Strahuber: Hiickingen* | | 6-5 6-5 (Air) 
| 8-3 | 8-3 (Gas) 


8-10 | Nil 


| 
| Not quoted 
} 
| 


Engels and Prieur | 70 











* These results are quoted as a 6-5% change in heat consumption 
for a 100° C change in air preheat; an 8 -3°, change in heat consumption 
for a 100° C change in gas preheat; and corresponding output changes 
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Table II 


WORKING RATE, FUEL RATE, AND PREHEAT FOR TWO CHECKER FILLINGS 
AT G.K.LS., CARDIFF 


250-ton tilting furnaces 





Tons week 


Furnace 


i 


2350 


F 


2622 
2580 


11-6 


12-7 31 





t 


12 in. <9 in. | 6 in. x 6 im. | MTE*SC: | 475g. «9 in. | 6 in. x 6 in, | Decrease, | 12 in. <9 in. 6 in. x 6 in. 
31- 
7 


Fuel Rate, gal/ton Preheat, ° C 


| 


28-4 


1178 


8-7 


1043 


29-7 1077 
| u i 


1144 








100° C preheat leads to 5-13°% improvement in work- 
ing rate and 8-15% reduction in fuel consumption. 

The evidence would therefore appear to be that 
100° C increase in preheat, if the average fuel input 
remains constant, will result in 5-10% increase in 
working rate and a reduction in fuel consumption of 
the same order. In the present state of ignorance 
there seems little point in trying to obtain a better 
estimate of the effect of preheat on working rate. 

Strahuber” at Hiickingen quotes the effect of 100° C 
change in both air and gas temperature on the per- 
formance of the Hiickingen fixed furnaces, but he does 
not mention whether these results were based on 
experiments or calculations. The results, quoted in 
Table I, each refer to a particular regenerator under 
changing conditions and not to a change in regenerator 
design. 

Some very interesting experiments were also carried 
out in Germany by Engels and Prieur, in which 
supplementary heating of the checkers using coke- 
oven gas was investigated to increase furnace working- 
rate. The gas burned in the checkers varied from 16% 
to 19-7% of the total supplied, no extra air being 
introduced to burn this gas. On the basis of these 
experiments, it would seem that 100°C increase in 
preheat made a difference of 8-10°% in the working- 
rate. 


Measurements in the Regenerators 


Many investigations have been carried out in con- 
nection with checker efficiency. The first of these 
would seem to have been carried out by Schleicher. 
Gooding and Thring” also carried out an investigation 
on a model checker. The first investigation on an 
actual working checker seems to have been carried 
out by de Graaf and van Stein Callenfels,4* who used 
a model checker to achieve a design, which was later 
built, in which flow and temperature were compara- 
tively uniform across a horizontal section of the 
chamber. They eventually succeeded in this by 
building the top of the checker in steps and inserting, 
under it and transverse to the flow of gases, a series 
of walls increasing in height towards the slag pocket. 
This enabled the customary concentration of air 
towards the slag pocket and the waste gases towards 
the valve house to be avoided, but, as a result of 
calculation based on the measured temperature of 
the brickwork at several points in the regenerator, 
they came to the conclusion that the resulting uni- 
formity had a negligible effect on the preheat level. 

Baake and Stollberg!’ consider that a preheat of 
1350° C for air and 1250° C for producer gas should 
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be the aim for open-hearth furnaces (in their experi- 
ence, when the air preheat temperature was less than 
1200° C, air infiltration was usually the cause). They 
found that the usual type of regenerator construction 
is poor from the point of view of flow pattern, and 
hence the storage and regenerating capacities of the 
checkerwork are not used efficiently. To improve the 
distribution of gases over the regenerator cross-section, 
a checkerwork which causes the gas flow to change 
direction was used, i.e. a staggered basketwork, thus 
breaking up the flow and distributing the gases. They 
state that a frame brick introduced by Franz, Krug, 
and Ullsperger also gives a high preheat temperature 
because of improved gas distribution. 

They concluded from model work, the appearance 
of the regenerator, the results of frame brick trials, 
and pressure, velocity, and temperature measurements 
above the checkerwork that the problem of gas 
distribution in the regenerator is of first importance 
and is more important than regenerator size. 

This problem has also been considered from a 
theoretical point of view by Trier..* He had been 
able to show that non-uniformity in the air and 
waste-gas distribution which results in the air passing 
through one part of the checker and the waste-gases 
through another has a far worse effect on the preheat 
than is the case when the paths of the two coincide, 
even though this may lead to variation in the intensity 
of thermal loading of the checker surface. For 
example, Trier indicates that variations of 25% on 
either side of the means in gas and air velocity have 
a negligible effect on the preheat, whilst variations of 
50% reduce it by about 15%. He also investigated a 
wide range of geometries of checker chambers, includ- 
ing horizontal and double-pass varieties, the suitability 
of the individual types being assessed on the basis 
of the following criteria: 

(1) As much checkerwork as possible with little free 
space above and below the regenerator 

(2) A long flow path for the gases inside the checker- 
work (involving a longer period for retention of the 
gases in the regenerator) 

(3) Adequate free space and with it a uniform distri- 
bution of flow 

(4) Bends avoided as far as possible, for these induce 
pressure losses without corresponding heat exchanges. 

These requirements are partially contradictory, and 
Trier gives examples of the best compromises for 
particular cases. He also considered the effect on 
the flow distribution of the buoyancy effect and shows 
that, when the pressure drop due to friction is of the 
same order as that due to buoyancy, heating the cold 
air as it passes upwards and cooling the gases as they 
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descend tends to a greater uniformity of distribution. 

Velocity and temperature measurements in the 
actual regenerator have been carried out by Marsh’ 
and by Carney, Oravec, and van Meter.® Whilst their 
experiments are of great general interest their 
principal value would appear to be that they confirm 
the well known hypothesis that the incoming air 
passes through the checker at the pitside whilst 
outgoing waste gases tend to concentrate at the valve- 
house end of the checker. The distribution of the 
gases in a regenerator is sensitive to the inlet condi- 
tions, and simple modifications here which promote 
a smooth entry into the chamber may have a con- 
siderable effect on the flow. It does not seem that 
any attempt has been made to determine the effect 
of this non-uniformity on furnace performance. 


Effect of Uptakes and Slag Pockets on Preheat 


It is evident that the regenerative system of the 
open-hearth furnace consists not only of the checkers 
but also of the uptakes and slag pocket. Carney, 
Oravec, and van Meter have been able to show that 
the fraction of the preheat which is obtained by the 
additional regenerative effect occurring between the 
checkers and the top of the uptake can be related to 
the ratio between the heating surface of the slag 
pocket and uptake to the volume bounded by these 
surfaces (Fig. 3). It seems well worthwhile pursuing 
this idea; the only difficulty is to decide on the 
effective heating surface involved. 

Cashmore® has suggested that the higher preheat 
observed on one of the two 100-ton furnaces he 
examined was due to the fact that it was a twin- 
uptake furnace and accordingly had a greater uptake 
area, which effectively increased the preheat. 


Air Infiltration 

The effect of air infiltration has been studied by 
Carney, Oravec, and van Meter. It was found that, 
on the first few heats after relining, the typical furnace 
has 25%, air infiltration. After mechanically sealing 
the furnace ends and regenerators, and the natural 
sealing by fluxing of the refractory hot faces, the 
air infiltration decreases to 15-20%, after 30-60 heats, 
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Table III 
CHANGE OF PREHEAT WITH AGE 





Preheat, ° C 


Furnace Age, heats 





j j l 
Charging | Hot Metal | Melting | Refining 
| 





1130 | 1060 
1045 | 1010 


20— 27 1090 1100 
78- 85 965 100: 


5 
133-140 870 820 | 8 | 954 
1245 
1200 
1166 


1110 | 
1090 | 


20- 27 
78— 35 
133-140 


18- 94 
114-158 
179-235 


1130 
1084 
1030 


1050 
1050 | 
1050 | | 1100 | 
36-40 | 1180 | | 4240 | 
76~ 80 1115 1200 


1180 
1140 
1085 


1200 
1148 
1100 


1130 
1140 
1070 





1255 
1240 





' 











then gradually increases to 20-25% near the end of 
the campaign. 

Haynes*® found that, where air fans are used, 
infiltration to the ingoing air supply is limited to 
times when the supply of fan air is restricted, and 
also that under normal conditions, owing to the fact 
that the normal running range of positive air fans 
supplying steel-melting furnaces is below their full 
power, the actual air reaching the furnace port is 
much nearer the metered quantity than was hitherto 
appreciated. 

Baake and Stollberg!’? found for a Maerz furnace 
that the excess air at the stack was 35% for a good 
furnace and 94% for a poor one, and this difference 
in air infiltration affected the preheat temperature by 
250-300° C. Similar values for the excess air at the 
stack are reported by Till.24_ The excess air at the 
stack was measured on two furnaces and values of 
86%, and 77% were found. The furnace brickwork, 
particularly in the region of the regenerators, was 
examined and sealed where necessary. A second 
survey after sealing showed that infiltration had been 
reduced so that the excess air at the stack was now 
42% for each furnace. It should be emphasized that 
the excess air at the stack includes that from all 
sources of infiltration in the flue system. 


Effects of Deposits in the Regenerators 


The cleaning of regenerators is a method by which 
a checker filling of smaller (and therefore more 
efficient) openings may be used with dirty gases 
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Fig. 4—Effect of air-flow rate on combustion-air tem- 
perature in the middle of the air cycle (Carney, 
Oravec, and van Meter‘) 
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Fig. 5—Indication of variation of heat-transter coeffi- 
cient with air rate. Data for evaluation from Fig. 3 


without losing its efficiency rapidly with age. In this 
connection, attention should be drawn to the ease of 
cleaning encountered with a horizontal regenerator. 
Three-pass horizontal regenerators were in use in 
open-hearth furnaces for 20 years without the bottom 
pass having to be renewed.” To clean regenerators, 
water, steam, compressed air, or mechanical means 
have been used. Washing out a hot regenerator with 
‘water has proved successful in many cases, and no 
damage to the checkerwork was noticed.'® 

The preheat from a regenerator is found to change 
with age, as shown in Table III. The Guest Keen 
Iron and Steel Co., Ltd. # furnace checkers, which 
are blown weekly, retain their original preheat 
throughout a campaign better than regenerators which 
are not cleaned. 

There is no doubt that a higher preheat can be 
obtained from a given regenerator by using smaller 
openings (e.g. Table II). Normally, smaller openings 
cannot be tolerated because of the effect of the 
regenerator’s age on preheat. If the regenerator is 
cleaned regularly the effect of age can be delayed, 
but it is not known how far the size of the openings 
can be reduced safely when a particular system of 
cleaning is used. 

Effect of Air Rate on Heat-transfer Coefficients in the 
Regenerator 

Carney, Oravec, and van Meter® were able to relate 
instantaneous preheats with air flow (Fig. 4). They 
appreciated that the values of preheat they obtained 
upon changing the air flow would not be the same as 
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ing factors for 9 in. x 9 in. openings 


those which would be obtained if the latter were 
maintained at its low values for any considerable 
period of time because the ratio of the heat capacity 
of air to waste gas would be different. In Fig. 5 the 
log (air rate x preheat) is plotted for two furnaces, 
one having a silica roof (two regenerator chambers) 
and the other of all-basic construction (one regenerator 
chamber). The overall heat transfer varies as the 
0-8th and 0-9th power of the air rates. The difference 
in the exponents for these two furnaces is of a magni- 
tude to be expected theoretically, from the difference 
in height of the regenerator fillings and the difference 
in regenerator volume. 

Part III shows how the preheat to be expected from 
a proposed design may be determined, and from this 
point of view present knowledge of regenerator design 
is adequate. The validity of preheat calculations is 
discussed in Part II, where it is shown that methods 
for basketwork regenerators are more firmly estab- 
lished than for chimney regenerators. In the design 
of a regenerator for a particular practice, it is neces- 
sary to consider not only the preheat but also the 
regenerator life, the loss of efficiency with age, and 
the method of cleaning the regenerator. The relative 
effects of these factors are not known and so it is not 
possible to arrive at the best compromise when design- 
ing a regenerator. 

The complete design for a regenerator must depend 
on the use of the minimum brick opening permitted 
for the type of fuel used, the regenerator loading, and 
the effectiveness of routine regenerator cleaning. The 
relative effects of changing a regenerator design are 
shown by Figs. 6 and 7, the use of which is described 
in the Appendix to Part I, but it is not possible to 
choose the best design using these charts, since the 
use of various checker-cleaning methods and double- 
pass regenerators is not considered. 


CONCLUSIONS 


It has been shown that an increase of 100° C in 
the preheat level can lead to 5-10% increase in 
working rate and a corresponding reduction in fuel 
consumption if the average fuel input rate is kept 
constant. The value, therefore, becomes apparent of 

(i) Waste-gas analysis as a check on air infiltration 

(ii) Measurement of waste-gas temperatures in addi- 

tion to preheat determination. 


The investigations into checker conditions are 
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Fig. 8—Portion of radiation due to CO, and water 
vapour in waste gases from liquid fuels. (Note: 
The presence of water vapour arising from steam 
atomization of the fuel has a negligible effect on 
the calculated preheat) 


discussed and it is suggested that, whilst considerable 
divergences from uniformity of flow distribution exist 
in the checkers, there has as yet been no real evidence 
that this has an appreciable effect on furnace per- 
formance, although this point is somewhat contro- 
versial. 

The investigations of Carney, Oravec, and van 
Meter have shown the important part played by the 
furnace uptakes in contributing to preheat, and it is 
suggested that this aspect should be further investi- 

ated. 
. The dependence of the overall heat transfer upon 
the air rate can be determined by preheat readings 
taken immediately after several changes of air flow 
are made during one reversal. It would be particularly 
interesting to find how this relationship changes with 
the design and age of the regenerator. 


APPENDIX TO PART I 


The Determination of Preheat Temperature Using Figs. 
6 and 7 


Though the calculation of preheat for a particular 
regenerator is readily accomplished in a short time, it 
is sometimes useful to study whether a particular change 
in regenerator design will have a large or small effect. 
In most cases it is not necessary to make the calculation 
described in Part II, since an approximate result can be 
obtained from graphs based on these calculations. 

These graphs can be used for any size of regenerator 
and any air flow rate per hour. The axes used are the 
height of the regenerator filling as ordinate and the 
volume of regenerator filling per 1000 ft*/h of air (i.e. 
length x breadth x height per 10* ft® of air per h) as 
abscissa. 
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Example 
Data 
Chimney-type openings 
Regenerator height 
Length x breadth x height 
Air rate 


9 in. x 
15 ft 
10,200 ft* 
800 x 10% ft*/h 
10,200 ee 
800 = 12-75 
Taking 12-75 on the abscissa of Fig. 7 and a 
regenerator height of 15 ft on the ordinate gives 
a preheat of 1220° C 
Air velocity (N.T.P.) 0-7 ft/s. 

The preheat temperature obtained from these graphs 
is sufficient for most purposes, but it is a wise precaution 
to check any result of particular interest, by calculation 
as described in Part III, before drawing a final con- 
clusion. 

Figures 6 and 7 should be used when it is required to 
find the effect of a change of air rate or regenerator size. 
For instance, if a change of regenerator height is pro- 
posed while keeping the size of regenerator opening and 
plan area the same, the effect is found by following a 
line of constant velocity. Three of these lines—0-5, 
0-9, 1-5 ft/s N.T.P.—are shown. These lines intersect 
at a point, the origin, not shown in Figs. 6 and 7. 

The validity of preheat calculations is discussed in 
Part II, where it is shown that the heat-transfer coeffi- 
cient from air to brick for chimney-type regenerators is 
less well established than for the basketwork type. Thus, 
comparison of preheat values calculated for chimney- 
type and basketwork-type regenerators may be mis- 
leading. 

The calculated preheat for 6 in. x 6 in. and 9 in. x 
9 in. regenerators is shown in Figs. 6 and 7, when the 
regenerator dimensions and air rate per hour is known. 

Assumptions made in calculating Figs. 6 and 7 were: 

Brick thickness 3 in. 

Waste-gas temperature inlet 1600° C 

Distribution of air and waste-gas flow is uniform 

Waste-gas contains 20% excess air 

Mean waste-gas temperature for 
coefficient 1300° C 

Mean air temp. for heat-transfer coefficient 550° C. 


Part II—A Review of Theoretical Treatments of 
Regenerative Heat Transfer and Experi- 
mental Determination of the Heat-transfer 
Coefficients 

METHODS OF CALCULATING HEAT TRANSFER 

IN REGENERATORS 
The equations for heat transfer in a regenerator 
are complicated and, before the appearance of elec- 
tronic computers, it was justifiably considered that 


9 in. 


Ratio of above two quantities 


heat-transfer 


o 
3 


TEMPERATURE, °C 
Analysis of fuel oil, etc., as for Fig. 8 
Fig. 9—Portion of radiation due to CO, and water vapour 
in waste gases from coke-oven gas 
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Fig. 10—Total emissivity of refractory brickwork (average values for fireclay, silica, and chrome magnesite bricks 
during furnace life**) 


even if a correct solution were obtained the results 
would be too complex to have any practical value. 
The result was that for many years regenerator calcu- 
lations were based, not on mathematical simplifica- 
tions, but on a simplification of the whole nature of 
the process. This simplifying assumption was that 
heat regeneration was governed by the same type of 
equation as heat recuperation. The calculation in 
Part III is based on this assumption. 
In the recuperator equation the final preheated air 

temperature is expressed in terms of: 

(a) Initial temperature of cold air 

(b) Initial temperature of waste gas 

(c) Heat capacity of air 

(d) Heat capacity of waste gas 

(e) Total heating surface 

(f) Overall heat-transfer coefficient. 


The time average of the regenerated air tempera- 
ture replaces the steady final air temperature of a 
recuperator. Items (a), (b), (c), (d), and (e) occur in 
regenerators and recuperators, and the remaining 
problem is to find a value of (f), for regenerators. 
Item (f) is the total result of three heat-transfer 
processes: 


(i) Heat transfer from waste gas to brick 
(ii) Heat transfer from brick to air 
(iii) Conduction through brick. 

Various papers utilizing the recuperator equation 
as a basis for regenerator calculations differ only in 
the derived influence of (f)iii. 

Thus Rummel?* quotes values for the brick resis- 
tance derived mainly from empirical considerations. 
In the treatment suggested by Rummel, the various 
heat-transfer coefficients are so interrelated that a 
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method of successive approximation should be applied 
to determine the effective brick resistance. However, 
as illustrated in Part III, the brick resistance is usually 
a comparatively small part of the total resistance to 
heat flow, and so an initial estimate is usually suffi- 
ciently accurate. Rummel includes a brief treatment 
of the variation of preheat level during the cycle, 
again largely on an empirical basis. A later paper by 
Southern** was largely a restatement of Rummel’s 
paper, but his treatment of the variation in preheat 
level was based on work done after Rummel’s Melchett 
Lecture. It is the method due to Rummel that is 
proposed in Part III of the report as the recommended 
method for calculating preheat. 

Later publications by Hausen*® and Schack** were 
attempts to develop methods to account for heat 
flow through the brick on a more purely theoretical 
basis. 

Hausen considered solutions of the conductivity 
equation which would satisfy the reversal condition, 
i.e. after 1 gas period + 1 air period, all temperatures 
must return to their original values. There is an 
infinite number of functions which will satisfy this 
condition. These are known as Eigen functions. Each 
function is characterized by an integer known as the 
Eigen value, or order of the Eigen function. Hausen 
indicates the analogy with a vibrating string, where 
the zero-order Eigen function corresponds to the 
fundamental oscillation, and the higher-order Eigen 
functions correspond to the higher harmonics. Hausen 
defines the zero-order Eigen function as that which 
will yield the same temperature distribution in the 
direction of gas flow as occurs in a recuperator when 
the heat capacities of the air and waste gas are equal. 
Under the latter conditions, the brick temperature 
varies linearly in the direction of gas flow. He obtains 
the zero-order Eigen function satisfying these con- 
ditions and derives the corresponding overall heat- 
transfer coefficient. The temperature distribution in 
a regenerator will deviate from linear, and the devia- 
tion will be larger near the entry. The deviations 
are defined by the conditions that the initial air and 
waste-gas temperatures are constant. These con- 
ditions are satisfied by the introduction of the higher- 
order Eigen functions. 

Hausen simplifies the general case so that deviations 
from conditions corresponding to the zero-order Eigen 
function are accounted for by applying correction 
factors to the heat-transfer coefficient derived from 
the zero-order Eigen function. 

The heat-transfer coefficient for a regenerator in 
which the brick surface temperature varied linearly 
with time formed the basis of Schack’s treatment. 
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Fig. 12—Correction factor m for calculation of waste-gas radiation for different values of excess-air coefficient for 
heavy fuel oil, creosote-pitch, or tar 


He defined this as the heat-transfer coefficient for the 
‘ideal regenerator.’ He then considered the time 
variation of the difference between the surface tem- 
perature and mean temperature of the brick. He 
postulated an exponential form of this function with 
three arbitrary constants, two of which were deter- 
mined from the boundary conditions and one of which 
was determined empirically. The form of the function 
was chosen to allow immediate integration of the 
derived expression for the time variation of the mean 
brick temperature, and no account was taken of the 
conductivity equation. Schack then applied similar 
treatment to the time variation of the difference 
between instantaneous gas temperature and initial gas 
temperature. The overall heat-transfer coefficient 
eventually obtained was expressed in terms of that 
for the ideal regenerator. 

The papers mentioned above have all been intended 
to derive data for use in the recuperator equation. 
The essential difference occurs in the treatment 
accorded to the resistance to heat flow through the 
brick. Considering the present lack of accurate 
knowledge of the physical properties of the brick 
under operating conditions, and considering also that 
the brick resistance is a relatively small part of the 
total resistance (cf. Part III), the accuracy of re- 
generator calculations is unlikely to be greatly 
influenced by the selection of either Rummel’s, 
Hausen’s, or Schack’s method. 

Collins, Daws, and Taylor?’ developed approxima- 
tions of the heat-transfer equations suitable for solu- 
tion by an electronic digital computer. Their method 
was basically different from earlier methods inasmuch 
as the equations governing the process are approx- 
imated rather than the process itself. A descriptive 
account of their paper has been written by Burton.” 

Collins, Daws, and Taylor assume that within the 
brick the temperature gradients in the direction of 
gas flow are comparatively small, so that conduction 
through the brick in that direction can be neglected. 
They also assume that there is no gas or air tempera- 
ture gradient perpendicular to the flow direction. 
Using the Laplace transformation, they solve the 
conductivity equation, and apply the condition that 
no heat flows through the centre of the brick (i.e. 
the brick is equally heated on both sides). The initial 
temperature distribution is eliminated by applying 
the condition that after a large number of reversals 
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all temperatures become periodic functions of time. 
The resulting equation relates the brick surface tem- 
perature to the temperature gradient into the brick 
at the surface for any point at the regenerator and 
for any instant. 

The temperature gradient at the brick surface is 
related to the difference between gas (or air) tempera- 
ture and brick surface temperature by a heat balance 
in terms of the heat-transfer coefficient waste gas to 
brick (or brick to air). It is also related by a heat 
balance to the temperature gradient of the gas (or 
air) in the direction of flow. By means of these 
relations Collins, Daws, and Taylor obtain two 
simultaneous equations for the gas and air tempera- 
tures. ; These equations contain definite integrals with 
respect to time and temperature gradients of the gas 
and air in the direction of flow. 

Each of the two equations is approximated to a set 
of equations (which can be represented by a single 
equation in matrix form) by subdividing the time 
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Fig. 14—Basketwork regenerator 


period and applying the equations to each interval, 
the integration now being replaced by normal sum- 
mation. The regenerator height is then subdivided, 
and the gas and air temperature gradients approxi- 
mated to a finite difference form. 

Thus at any time the gas and air temperatures at 
any subdivision can be represented in terms of the 
gas and air temperatures in an adjacent section, and 
so eventually can be obtained in terms of the initial 
gas and air temperatures, which are known. Three 
possible finite different forms were suggested and 
discussed. 

The method of Collins, Daws, and Taylor is more 
theoretically correct than any preceding method, but 
suffers from the disadvantages of being less easily 
understood by laymen and requiring computers for 
its ready application. In any case our knowledge of 
the required data is not at present sufficiently accurate 
to justify this more exact treatment. 


DETERMINATION OF HEAT-TRANSFER 
COEFFICIENTS 


The accuracy of regenerator calculations depends 
on a knowledge of the heat-transfer coefficients as 


well as the correctness of the mathematical technique. 

Kistner® described tests on an experimental 
basket-work regenerator to determine convective 
heat-transfer coefficients and pressure losses. He also 
developed a graphical method to simplify the calcula- 
tion of radiation heat-transfer coefficients for gaseous 
fuels. The latter method is used in Part III, where 
the graphs appropriate to average modern British 
liquid fuels are given. 

The experimental regenerator used by Kistner was 
6-56 ft square by 16-4 ft high. Heat-transfer and 
pressure-loss tests were carried out for double stag- 
gered basketwork filling with 3-72 in. square ducts, 
and for straight-through basketwork filling with 3-72 
in. square and 2-25 in. square ducts. Further pressure- 
loss measurements were made for straight-through 
basketwork filling with 1-2 in. square ducts. 

It was immediately obvious that the double stag- 
gered filling gave the better heat transfer, as the 
preheat levels from this arrangement averaged 50° C 
higher than the preheat levels from comparable tests 
with straight-through filling. 

In the preceding section it has been stated that the 
brick resistance is usually a comparatively small part 
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of the total heat-flow resistance. As a consequence 
of this, it would be expected that the reversal time 
would have very little effect on heat transfer. This 
is quite consistent with the results of Kistner, who 
found that the total heat-transfer coefficient remained 
sensibly independent of the reversal time within the 
range of the tests (20-120 min). The reason why 
reversal time is so uncritical is that within the range 
of practical interest the heat capacity of the regenera- 
tor brickwork is many times greater than that of the 
air or waste gas per cycle. 

Kistner eventually obtained the relation 

2-9W,*5 
ar oe 
for straight-through basketwork checkers. For double 
staggered checkers Kistner suggested 
3-25 W,*5 
a = ——Fo-338 
as a close enough approximation. 

He found that the above results were independent 
of the nature of the gas, and also that the relation 
did not change at a Reynolds number of 2320, where 
in most duct systems there is a change from laminar 
to turbulent flow. He also found that a, was inde- 
pendent of temperature for a given mass velocity, 
and concluded that Nusselt’s theoretical result 

a = Ccwe-s adhe — Aor? d-®2 
was not valid at high temperatures. 

For the pressure loss in straight-through basketwork 
checkers Kistner obtained 

We = 
°° a3 B 

To facilitate the calculation of radiation heat- 
transfer coefficient, Kistner developed a graphical 
method by writing 


he = 1:39 x 10-*. y . Lin. w.g. 


“gr = [2(co, + 4,0) + corr.] %-% 
where agz is the radiation heat-transfer coefficient to 
be determined and aico.+n20) is the radiation heat- 
transfer coefficient for the appropriate fuel and waste- 
gas temperature under standard conditions for excess 
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Fig. 16— 
Chimney regenerator 


air, brick emissivity, and temperature difference 
between the waste gas and the brick; aor, is a cor- 
rection for deviations of the temperature difference 
between the gas and the brick from the standard 
temperature difference; m is a correction factor for 
deviation of the excess air from the standard; and 
n is a correction factor for deviation of the brick 
emissivity from the standard. Values of aco,+H,0), 
Gcorr., m, and n can all be conveniently obtained 
from diagrams, as described in Part III. 

Data for convective heat-transfer coefficients for 
chimney-type checkers have been determined by 
Bohm*® by tests on single ducts 13 ft long. The duct 
width was varied between 1-62 in. and 3-48 in., and 
the velocities between 1-3 and 23 ft/s. While technical 
difficulties of measurement caused some uncertainty 
in the field of laminar flow, Bohm considered that 
sufficiently accurate results were obtained for turbu- 
lent flow. He eventually obtained the working 
equations 


a, = Te*8(0-198 
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Fig. 17—Variations of preheat in chimney checkers over 
possible range of total standard heat resistance r 
for various checker fillings 
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for laminar flow, and 
0-159 W,** . Fe-25 
%.* qe 338 
for turbulent flow. 

The variation of a, as 7°25 was established from 
measurements between 125° and 800°C, but Bohm 
showed that extrapolating the equations between 0° 
and 1200°C gives values of the heat-transfer coeffi- 
cients which agree quite well with equations developed 
by other workers, even though the index 0-25 is not 
in complete agreement with their theory. 

Bohm showed that neither the laminar nor the 
turbulent-flow equation could apply in the transition 
range, and suggested that convective heat-transfer 
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Fig. 18—Chart for function of a, b for a from 0 to 1 
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coefficients for that range should be obtained by 
plotting values for turbulent and laminar flows and 
joining the two lines through the transition range. 

He could detect no variation of convective heat- 
transfer coefficient with the temperature difference 
between the gas and the brick, but pointed out that, 
if the theoretical results of Nusselt were obeyed, the 
variation of temperature difference during tests would 
have been too small to have any observable effect. 

Bohm investigated the effect of artificial roughness 
in the duct, and it is interesting to note that he was 
able to double the convective heat-transfer coefficient 
in the turbulent field, and increase it by 60% in the 
laminar field, by using serrated ducts. 
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VALIDITY OF PREHEAT CALCULATIONS 


The most important part of the resistance to 
regenerative heat transfer is the transfer from brick 
to air. This is purely a convective mechanism, and 
so the effective resistance of this stage is high com- 
pared with conduction through the brick and transfer 
from waste gas to brick, which contains a compara- 
tively efficient radiation heat-transfer term. The 
accuracy of preheat calculations will therefore depend 
mainly on the accuracy with which the coefficient of 
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convective heat transfer from brick to air is known. 

The equations of Kistner and Bohm are purely 
empirical, and so deviations from those equations may 
occur outside the experimental range. De Graaf and 
van Stein Callenfels'*® suggest that, because of the 
interrupted form of basketwork ducts, flow in these 
can probably be considered turbulent. They have 
therefore arranged the results of Kistner, and also 
the turbulent-field results of Bohm showing Nusselt 
numbers as a function of Reynolds numbers, in 


b= 
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accordance with similarity theory for turbulent flow. 
This overcomes the difficulty of the empirical nature 
of the original equations. 

The difficulty of obtaining the correct heat-transfer 
coefficient for laminar flow in chimney ducts still 
remains. It is, however, possible to fix upper and 
lower limits for the heat-transfer coefficient. A lower 
limit can be obtained from the data of Washington 
and Marks,*! since these results are for purely stream- 
line flow. An upper limit can be obtained from the 
coefficient for a basketwork checker of the same duct 
width, since the turbulence generated by the dis- 
continuities in the ducts of the latter will increase 
the heat transfer. For chimney checkers, a change of 
duct size, within practicable limits, in a given checker 
shell has little effect on the convective heat-transfer 
coefficient (see Fig. 16), but there will be a considerable 
change in surface area with a corresponding effect in 
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Fig. 20—Chart for function of a, 6 for a from 3 to 10 
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preheat, This may be seen by examination of the 
results of Bohm (cf. Figs. 15 and 16) or of Washington 
and Marks. Within the possible range of values for 
the heat-transfer coefficient, the curves of preheat 
level against r (total standard heat resistance) for 
various fillings of a regenerator shell are almost 
parallel (see Fig. 17), so that the difference in preheat 
predicted for the different fillings will not be greatly 
affected by uncertainty of the heat-transfer coefficient, 
even though the calculated preheat levels may be 
seriously in error. 

The flow distribution through the checker is usually 
assumed to be uniform for preheat calculation pur- 
poses. In most cases this condition is far from satisfied 
in practice. The effect of non-uniformity will vary 
from case to case, becoming less important for more 
efficient checker fillings, but as yet there are insuffi- 
cient data to draw any quantitative conclusions. 
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Part III—A Recommended Method of Calculating the Heat Transfer in Regenerators, 
with a Worked Example 


The following method of calculating the preheat 
temperature (as defined p. 255) is based on the 
method due to Rummel®* given in principle in Part II 
(see also Etherington**). A worked example is given 
to demonstrate the method. 

In the calculation of heat transfer in regenerators, 
it is necessary to find the resistance to heat flow of the 
regenerator and the heat capacity of waste gas and 
air per hour. The resistance to heat flow is found 
in terms of the standard heat resistance, which is the 
total of three terms: 

(1) Resistance to heat transfer from waste gas to 
brick 

(2) Resistance to heat transfer from brick to air 

(3) Resistance to heat transfer due to the brick- 
work. 


1. Resistance to Heat Transfer from Waste Gas to Brick 


Heat Transfer by Radiation 

Figures 8 (liquid fuels) and 9 (coke-oven gas) give 
agr, the radiation coefficient due to CO, and water 
vapour (calculated as shown in “ Efficient Use of 
Fuel,”’*? pp. 144-150), for standard conditions of 
excess air, brick emissivity, and brick-gas temperature 
difference. When aga is required for other than these 
standard conditions, it is necessary to apply correc- 
tions obtained from Figs. 10, 11, 12, and 13. (N.B.— 
Figures 8 and 9 and Tables [IV and V were derived 
strictly for chimney-type checkers, but the deviation 
will not be important if they are used for calculations 
on basketwork checkers.) 

The brick emissivity found from Fig. 10 is used in 
Fig. 11 to give the correction factor n. Figure 12 gives 
the excess air correction factor m. Figure 13 gives a 
correction deorr, to be added when the temperature 
difference from gas to brick is less than 200°C. It is 
not usually necessary to apply this correction. It is 
sometimes thought necessary to make a second calcu- 
lation of heat transfer in the regenerator using the 
calculated air and waste-gas temperature to determine 
the heat-transfer coefficients. It is at this stage that 
Gcorr, May be used. 

Thus, the corrected value for the radiation heat- 
transfer coefficient is: 


mn (agp + oer.) 


Heat Tranafer by Convection 


The heat-transfer coefficient for convection a, is 
obtained from Fig. 14 for basketwork, or Fig. 15 for 
chimney-type regenerators. When using Fig. 15 it 
should be noted that the heat-transfer coefficient is 
. Obtained as the product of (absolute temperature 
°K) and the quantity obtained from Fig. 15. 


Combined Effect and Correction for Interrupted Flow 


The two quantities a,, and m.n (agp + aeorr.) are 
now added. The standard heat resistance r, is con- 
veniently expressed as 10 times the reciprocal heat 
transfer, i.e. 

10 


a + Mm. NlogR + Aopy,)- 





= 


JOURNAL OF THE IRON AND STEEL. INSTITUTE 


WORKED EXAMPLE 


(The worked example is given in the right-hand column, 
with the related description of each step in the left.) 


A regenerator has chimney-type flues of 6 in. x 6 in. 
passages and is built of 3-in. fireclay bricks. The total 
exposed heating surface is 21,875 ft? (= A). Waste-gas 
flow is 10° ft*/h. Air flow is 10° ft?/h. Analysis of waste 
gas: 11-08% CO,, 9-28% H,O. Waste gas enters regenera- 
tors at 1600° C and leaves at 1000°C. The air enters at 
100° C and a mean temperature of 550°C is assumed. 
Velocity of waste gas 1 ft/s (N.T.P.). Velocity of air 
1 ft/s (N.T.P.). The furnace cycle is 30 min and waste 
gas and air periods are equal. Oil fuel used. Emissivity 
of brick: 0-69 at mean waste-gas temperature of 1300° C. 
Excess air = 25% (A = 1-25). 


1. Resistance to Heat Transfer from Waste Gas to Brick 


Step 1 

It is generally accepted that the temperature of the 
waste gases entering the regenerator is about 1600° C. 
For the purposes of this calculation a mean waste-gas 
temperature in the regenerator of 1300° C is taken (i.e. 


: assume waste-gas exit temperature = 1000° C). 


agr is found from Fig. 8 (heavy fuel oil) for 6 in. x 
6 in. ducts at 1300° C, and from Figs. 10, 11, 12, and 13, 
n= 1, m= 1, Gey = 0. 


n.m (Gar + Aor) = Agr = 4°7. 


Step 2 
a, for waste gas is found from Fig. 15 for 6 in. x 6 in. 
flue size and velocity 1 ft/s and multiplied by factor 
for 1300° C: 
a, = 0-23 (1300 + 273)"*5 = 1-45. 


10 


“rete =) 


at 


Table IV 


RESISTANCE OF REGENERATORS TO HEAT FLOW 
Fireclay Brick (Diffusivity 0-023) 





Length of Complete Cycle, min 





| 


20 30 





Standard Heat Resistance 
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This figure for the heat resistance is not, however, 
the true one, as it implies continuous flow. It is 
necessary then to find an equivalent heat resistance 
which, on the basis of steady flow, would transmit 
the same amount of heat per hour as occurs with the 
actual interrupted flow. It is obvious that for con- 
tinuous flow a greater resistance is required and thus 
the heat resistance, as determined, is multiplied by: 
Total time of cycle 
Time the waste gas flows 

It is usual for the times of waste-gas and air flow to 
be equal and, therefore, the ratio becomes 2, i.e. the 
calculated heat resistance must be doubled. 





2. Resistance to Heat Transfer from Brick to Air 


The heat-transfer coefficient for convection a, is 
obtained directly from Fig. 14 or 16. When for a 
chimney regenerator the average air temperature is 
not 500-600° C, a, should be obtained from Fig. 15. 
It should be noted again that the heat-transfer 
coefficient is the product of (absolute temperature 
° K)*?5 and the quantity obtained from Fig. 15. 

The standard heat resistance r, is found from 
a 

a, 
The factor for interrupted flow in this case is: 
Total time of cycle 
Time the air flows 





and again this ratio is 2. 


3. Resistance to Heat Transfer due to Brickwork 


The actual rate of heat transfer during each phase 
of the complete cycle, as well as being dependent on 
the heat transfer coefficient, is also dependent on the 
temperature difference between brick surface and 
fluid. Owing to the imperfect heat-absorbing proper- 
ties of the brick, the mean surface temperature of the 
brick will be higher on the waste-gas cycle than on 
the air cycle. The loss of heat transfer due to this 
divergence of the mean brick temperature during the 
two phases of a cycle is expressed conveniently as a 
resistance to heat flow and is given in terms of 
standard heat resistance r, in Tables IV and V. 
Thus, total standard heat resistance r = 27, + 2r, 
+ 3. 


4. Determination of Heat Capacity per Hour of Waste 
Gas and Air 
This is done by multiplying the specific heat by 
the volume of fluid flowing. It is important to 
remember that the volume referred to is the hourly 
flow multiplied by the fraction of the whole time that 
each fluid is flowing and is (time of flow)/(time of 
cycle). For equal gas and air periods this fraction 
is 4; e.g. for air 
Ca X Va 
where Cg = specific heat of air at mean temperature, 
B.t.u./ft®-° F (N.T.P.), and Vg = 4 volume of air at 
N.T.P. per hour. 
The calculation for the waste gas is carried out in 
exactly the same way, i.e. 
0% Vo 
where Cy = specific heat of waste gas at mean tem- 
perature, B.t.u./ft*-°F (N.T.P.) and Vg = 4 volume 
of waste gas at N.T.P. per hour. 
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Table V 
RESISTANCE OF REGENERATORS TO HEAT FLOW 
Silica Brick (Diffusivity 0-032) 





Brick 


Thickness, Length of Complete Cycle, min 
in. 





15 20 3» 


Standard Heat Resistance 


j 


09 =| : 1-2 
' 











* From Etherington,” pp. 343-344 


2. Resistance to Heat Transfer from Brick to Air 
Step 4 
a, for air is found from Fig. 16 for 6 in. x 6 in. flue 
size, velocity | ft/s, average temperature 550° C: 
a, = 1-23 
Step 5 


3. Resistance to Heat Transfer due to Brickwork 
Step 6 

r; is found from Table IV, for fireclay bricks at 30 min 
for complete cycle of waste gas and air: 

rs = 1-2. 

Step 7 

Total standard heat resistance: 

r= 2r, + 2r, +1; 

r=3°2+16+41-2 

= 20-4, 


4. Determination of Heat Capacity per Hour of Waste 
Gas and Air 


Step 8 

It is now necessary to determine CV (the heat capacity 
per ° F) of waste gas and air. It is important to remember 
that the volume V is the hourly flow multiplied by the 
fraction of the whole time that each fluid is flowing, 
i.e. Time of flow/Time of cycle. (For equal gas and air 
periods this fraction is 4). 

Assume specific heat of air to be 0-020 and of waste 
gas to be 0-0228 B.t.u./ft*.° F.; then C,V, = 0-020 x 
(10® x 4) = 10,000 (air) and O,V, = 0-0228 x (10® x 4) 
= 11,400 (waste gas). 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





270 


5. Determination of Values of a and a’ in Figs. 18-20 
Having reached this stage of the calculation, the 
values of a and a’ are needed to apply to Figs. 18-20. 
This is done by applying the following formula: 
10 x total heating surface 


Total resistance to heat transfer x heat capacity 
per degree 


a= 





i.e. 


6. Determination of Values of 6 and b’ in Figs. 18-20 
Once again, in order to read Figs. 18-20, the values 

of 6 and 6’ are needed. This is done by applying the 

following formula: 

Heat capacity per hour for waste gas _ Cy. V4 
Heat capacity per hour for air ~ C¢.Va 

* Heat capacity per hour for air _ Cq.Va 
Heat capacity per hour for waste gas Cy. Vg 


b= 








b’ 


7. Determination of Factors f and f’ in Figs. 18-20 


The values of f and f’ have been calculated using 
the formula: 
pee 1—b 
I= T= Despi[—-ad —))) 
si 1 —d’ 
~ | —b’ exp[—a’‘(l — 6’)) 
and conveniently read off Figs. 18-20 using a with b 
for f; and a’ with b’ for f’. 








8. Determination of Air Preheat and Waste-gas Outlet 
Temperatures 
This, of course, is the final stage of the calculation 
and consists of applying the following formule: 
(1) For temperature of air leaving the regenerator 
Temp. air out = temp. of gas in — (temp. of 
gas in — temp. of air in) x f 

(2) For temperature of waste gas leaving regenerator 
Temp. of gas out = temp. of air in + (temp. of 
gas in — temp. of air in) x f’. 

In the example just described, the following 

assumptions made were 
(1) Mean waste-gas temperature 
(2) Mean incoming air temperature 
(3) That mean temperature difference gas—brick 
was 200° C. 

It is now possible to determine the correct values 
of waste-gas temperature and incoming air tempera- 
ture, and the calculation can be repeated substituting 
these for the values in the original example. 

The new preheat and waste-gas temperature can 
also be used to determine the true gas—brick tempera- 
ture difference by using a, (air); agp + a, (waste 
gas); and total heat transfer air to brick per ft?; 
brick to air per ft?, as follows: 
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5. Determination of Values a and a’ in Figs. 18-20 
Step 9 
It is necessary to evaluate a and a’: 
‘aie 10A _ 10 x 21,875 
rCgVg 20-4 x 11,400 
10 A 10 x 21,875 


= CeVa ~ 20-4 x 10,000 ~ 1:07 (air) 





= 0-94 (waste gas) 


, 


a 





6. Determination of Values 6 and 6b’ in Figs. 18-20 
Step 10 
It is now necessary to evaluate b and b’: 
» — CeVy _ 11,400 
CaVa 10,000 
10,000 _ 


b’ = CaVa si 
CyV_ ~ 11,400 


= 1°14 (waste gas) 


—_ 


0-88 (air) 


7. Determination of Factors f and f’ in Figs. 18-20 
Step 11 
From Figs. 18-20 using (a with b) and (a’ with b’) we 
find f: and f’ 
f = 0:47 


(- 


f’ = 0°53 





1—b ) 
1 — dexp[—a(l — d)) 


8. Determination of Air Preheat and Waste-gas Outlet 
Temperatures 


Step 12 
(a) temPp.ai out = temP. gas io (temp. pas in 
— temp.,irin) X f: 
= 1600 — (1600 — 100) x 0-465 


= 902° C 


teMP-gir out 


(b) tEMP-ga5 out = CMP giz in + (temp. gas in 
— temPp.airin) X Sf’: 
teMP-gas out = 100 + (1600 — 100) x 0-53 
= 895° 0 


Thus preheat temperature = 902° C 


Waste-gas exit temperature = 895° C. 
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Waste-gas to brick temperature difference 
(Temp.,, — temp.,,,) specific heat x Vg 





{agp + a,(waste gas)] x total heating surface 
Air to brick temperature difference 
(Temp.,,, — temp.,,) specific heat x Va 





{a,(air)] x total heating surface 


The value of door, can be found from Fig. 10 and 
the radiation term agr now becomes 


[agp + Georr.] X mn 
i.e. the term daeorr, is added to the term agp before 


using factors m and n. 
The result now obtained will be more accurate. 
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A Study of the Compatibility of some 
Creep-resistant Steels with Liquid Bismuth 
in Non-isothermal Systems 


By D. W. Dawe, B.Sc., A.R.S.M., G. W. Parry, B.Sc., 
and G. W. Wilson, Ph.D., A.Inst.P. 


SYNOPSIS 


The compatibility of a series of low-carbon ferritic steels with liquid bismuth and the variation in their 
resistance to attack and mass transfer with composition and with particular reference to chromium 
content has been investigated for non-isothermal systems. 

If pure bismuth alone is used, increasing the chromium content of otherwise low-alloy steels confers 
increasing to resistance attack by the liquid metal at temperatures up to 550°C. This can be satisfactorily 
explained on the basis that the protection is afforded by the presence of a thin oxide film at the steel/ 
bismuth interface which contains increasing amounts of chromic oxide. 

Of the series of steels tested, the one containing 12% Cr proved to be the most resistant to attack and 
mass transfer, no indication of this occurrence being observed during 2500 hours’ continuous testing. 
It seems probable that this steel would prove a satisfactory container material for times well in excess of 


this. 
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Introduction 


Dr. Wilson is Senior Metallurgist in the Physical LIQUID BISMUTH is not only of interest as a 


MeteRursy. = te te La, possible coolant for nuclear reactors, but also as the 
San a Gee end Me. P are Junior Metal. fuel carrier in the liquid-metal fuel reactor.! 
lurgists in the same section. : It possesses an extremely low-capture cross-section 
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Table I 
STEEL COMPOSITIONS 





Nominal Steel Composition, 
Makers Specification 


Analyses of Plug Material 


Steel Composition 
as ‘Analysed from 





Firth-Brown | 


Mn, 
Reference 


% 
0.48 


@-52 


0-48 





| Mo, | 
% % 


Ni, Other Elements 


\ Not detected 


| 0-75 | 0-26 
| } { chemically 


0-59 0-05 


| 0-62 | 0-81 | 
| 


| 0-84 2-1 





0-62 | 4-8 





for thermal neutrons, and like other liquid metals it 
possesses very much better heat-transfer characteris- 
tics than gases. It has been reported? as a result of 
‘work carried out in the U.S.A. that low-alloy ferritic 
steels containing small additions of chromium can 
be used to contain liquid bismuth at temperatures up 
to 525-550°C. However, it is also known that both 
iron and chromium possess appreciable solubilities 
in liquid bismuth at these temperatures.* These 
solubilities are related to the temperature by the 
general equation: 
B 


logio (concentration) = A — 7 


To pump and 
argon 

Bismuth 
charging |unit To argon 


Sampling unit 








Maximum 
temperature 








Main 


Intermediote 
furnace unit 


_ temperature 








Minimum 
temperature 





Fig. 1—Diagrammatic representation of a loop 
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where A and B are constants and 7 is the absolute 
temperature. It is therefore to be expected that 
these steels will pass into solution in non-isothermal 
systems in the region of maximum temperature and 
that the dissolved constituents will be deposited in 
regions where the temperature is lowest. The 
phenomena taking place in such systems have already 
been well described.* 4 

In view of the trends indicated by this earlier 
work it was decided to examine the influence of 


Fig. 2—Thermal convection loop in operation 
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Fig. 3—Variation of temperature with time 


composition, with particular reference to chromium 
content, on the compatibility of a series of ferritic 
steels at 550°C with liquid bismuth flowing in a non- 
isothermal system. 


MATERIALS 


The steels investigated were a series which had been 
developed for use in high-temperature steam heat- 
exchange systems. Since all but one of them have 


Te 
| 


y 
| 
\ 


—— 


| 
| } 
| 


TEMPERATURE DROP IN FIRST (00h/C 











i ov anny 3 4 


0 | 
CHROMIUM CONTENT, %o 


Fig. 4—-Temperature drop in 600h versus chromium 
content 
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Firth-Brown designations, these are used through- 
out the paper. The nominal compositions vary 
from those of MOV A1 and LCMO which contain no 
chromium to CRMO containing 1% Cr, CRM6 con- 
taining 2-24%Cr, CRM5 containing 5-6%,Cr, and a 
steel containing 12%Cr. The nickel concentration 
in the steels was kept as low as possible, usually 
<0-2%. This stipulation was made because nickel 
has a very high solubility in liquid bismuth. The 
compositions are given in Table I. 

The bismuth used was obtained from Mining and 
Chemical Products Ltd. and had a purity of 99-95%. 
The following is a typical analysis: Pb—16 p.p.m.; 
Sn—1-5 p.p.m.; Sb—10 p.p.m.; Cd, Zn, Co, Cu, 
Ni—nil; As, Ag, Au—l p.p.m.; Fe—2 p.p.m.; 
C1—19 p.p.m. 

Before use the bismuth was vacuum-cast to remove 
oxide and particulate impurities which segregated at 
the top of the ingots during this process. 


EXPERIMENTAL PROCEDURE 


Tests were carried out using thermal convection 
loops constructed from 1 in. outside dia. by 10 or 12 
s.w.g. tubing. This was bent into a U shape 18 in. 
in dia. and a cross-piece argon-arc welded between the 
uprights to form a continuous circuit. The loops 
were then cleaned by pickling with 20% hydro- 
chloric acid solution to remove scale, followed by 
chemical polishing using a mixture of oxalic acid 
and hydrogen peroxide. To protect the outside of 
the tubing from excessive oxidation at the elevated 
temperatures concerned, the external surfaces were 
sprayed with aluminium. A loop is shown diagram- 
matically in Fig. 1. 

The various heating circuits associated with each 
loop were controlled by ‘ Variac ’ autotransformers. 

The main heater consisted of six spirally wound 
nichrome elements sheathed in silica tubes, equally 
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~ Ss ee 
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Oe ee ites me er es 
Dn FcR ee oh ae BNO 


Fig. 5—Rapid solution attack in hot limb of loop made 
from MOVAI steel. Etched in 2% Nital x 250 


spaced around one limb of the loop and supported 
by a stainless-steel reflector lagged on its outside. 
The furnace was divided into two separate circuits and 
gave a combined heating capacity of 3 kW. One 
of the two circuits provided a fixed power input, the 
input of the other circuit being varied by means of a 
proportional electronic controller and pyrometer, to 
maintain the maximum temperature at the required 
value of 550°C. This temperature was measured by 
Pt/Pt-10%Rh thermocouple silver-soldered to the 
wall of the loop just above the top of the main 
heating unit. To ensure that during the filling 
operation the bismuth did not freeze and to provide, 
if necessary, trace-heating during the test, the rest 
of the loop was wound with a 14-kW heater element of 
‘ Brightray C’ wire. A total of three Pt/Pt-10%Rh 
thermocouples were silver-soldered to the wall of 
the loop. One recorded the maximum (control) 
temperature, another the minimum, and, provided that 
bismuth was flowing round the loop, the third thermo- 
couple recorded a temperature intermediate between 
the maximum and minimum. All temperatures were 
recorded on multipoint temperature recorders. 

The loops were filled with liquid bismuth from 
charging units which consisted of evacuable stainless- 
steel pots heated by windings of 20 s.w.g. nichrome. 
Vacuum-tight seals were obtained between these 
units and the loops by using annealed aluminium 
O-rings between flanges on the pots and flanges 
brazed to the top of the loops. A sampling device 
was similarly attached to each loop but was not used 
very much for reasons explained later. 

When sufficient bismuth had been placed in the 
charging unit the whole loop assembly was evacuated 
to less than 5y Hg in order to test for leaks, and the 
temperature of the tubing raised to approximately 
400° C. The loop was then flushed with hydrogen for 
6-8 h in order to reduce any iron oxide present, the 
apparatus re-evacuated in order to remove hydrogen 
from the steel, and the bismuth in the charging unit 
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melted into the loop. Radiography was used to 
ensure that the correct bismuth level was attained in 
all loops. To prevent ingress of air during the 
running of the loop, an atmosphere of argon, purified 
by passing over calcium turnings at 600°C, was 
maintained above the bismuth at 5 Ib/in?. 

An initial temperature differential of 150°C was 
aimed at, maximum 550°C, minimum 400°C, trace- 
heating being adjusted where possible to give this. 
Mass transfer and plugging were detected by observing 
the fall in the minimum temperature consequent 
upon the flow restriction due to the deposition. 
Attempts were also made to assess the degree of mass 
transfer and attack on the steel by means of gamma 
radiography, but it was found that insufficient 
contrast was obtained to enable it to be followed by 
this means. A photograph of an operating loop is 
shown in Fig. 2. 


EXPERIMENTAL RESULTS 
General 


Six loops, one each of MOVAI1, LCMO, CRMO, 
CRM6, CRM5, and 12% Cr steel were operated. 
Initial flow velocities of the bismuth in the loops of 
about 1-4 cm/s were calculated from relationships 
connecting power input and the temperature rise. 

In general, the minimum temperatures were allowed 
to fall to approximately 300°C by which time it was 
estimated that the flow velocity had fallen to 0-8 
cm/s. The heating was then switched off and the 
bismuth was allowed to cool in situ. Sections were 
taken from each loop for metallographic examination 
and also for chemical analysis. The variations of the 
minimum temperature with time are shown in Fig. 3 
for the whole range of materials investigated. (The 
variation in the intermediate temperature is not 
plotted.) ‘The rapid fall in temperature after 2500 h 
in the 12% Cr steel loop followed immediately after 
the addition of 500 p.p.m. of magnesium to the 


Fig. 6—Intergranular attack on CRM5 steel in section 
taken from hot limb. Etched in 2% Nital x 500° 
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Fig. 7—Form of plug revealed after leaching out bis- 
muth with nitric acid x 8 


bismuth. The graphs show that the presence of 
chromium in the steels apparently served to decrease 
the rate of dissolution and mass transfer. This is 
better shown in Fig. 4, where the chromium content 
of the steels is plotted against the temperature fall 
occurring in the first 600 h. As can be seen from this 
graph, the temperature drop is a maximum for the 
loop constructed from MOVA1 and a minimum for 
CRM5 and the 12% Cr steel. The departures from 
the curve are probably due to initial differences in 
the state of the internal steel surfaces. 


METALLOGRAPHY 


The metallographic examination revealed that 
dissolution of the container wall, reaching a maximum 


Fig. 8—Dendrites from plugged region of loop. Etched 
in 2% Nital x 50 
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Fig. 9—-Growth of dendrite from tube wall in plugged 
region. Etched in 2% Nital. Direction of bismuth 
flow from left to right 


in the region of maximum temperature, proceeded in 
all cases by general solution of the steel surface and 
by intergranular penetration. It was particularly 
noticeable that, with the steels containing 1-6°% Cr, 
intergranular penetration was much more marked 
than with MOVA1, LCMO, and 12% Cr steels. In 


these latter three materials the general solution type 
of attack was apparently keeping pace with the 


bismuth penetration. Variation in the type of attack 
is well shown in Figs. 5 and 6. Despite the presence 
of many very small iron crystallites close to the tube 
wall in the hot limb, these must dissolve very rapidly 
in the main bismuth flow because it was impossible 
to find any particulate iron in the bismuth in speci- 
mens taken from regions other than where deposition 
had taken place. 

Deposition of the material transferred by the 
bismuth occurred over a length of approximately ' 
18 in. in all cases and was a maximum just before the 
position where the minimum temperature was 
measured. It was evident that in some cases deposi- 
tion began with the formation of a thin layer of 
crystallites, firmly adherent to the tube wall. In 
other places this layer was not present at all. From 
some of the deposited crystallites, or from parts of 
the tube wall, crystallites grew out into the main 
bismuth stream assuming a typical dendritic form, 
as shown in Figs. 7 and 8. Presumably the preferen- 
tial growth of crystals keyed to the tube wall, as 
shown in Fig. 9, originates in an orientation effect, as 
it is known that, in the same environment, crystal 
growth is very much more rapid in some crystal 
directions than in others. When growth has pro- 
ceeded to a certain extent, the direction of growth 
will be governed by the higher concentration of 
dissolved material in the centre of the bismuth stream 
away from the depleted, relatively stagnant, liquid 
metal close to the tube wall. 
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The extent of the regions of dissolution and attack, 
and of deposition, is indicated in Fig. 1. 


CHEMICAL ANALYSIS 


The analyses of the steels given in Table I, show 
that with the exception of MOV A1, the nickel content 
is below the stipulated 0-20%. For this material 
0-25% was found. Sampling of the bismuth during 
the running of the loops was not carried out since at 
that time chemical analytical techniques at the levels 
concerned had not been fully developed. Analyses 
of the plug materials given in Table I, corrected for 
the presence of the bismuth, show little evidence of 
preferential leaching of the nickel from the steels 
tested. 


DISCUSSION 


From the results of the experiments reported above 
it appears that the materials which withstand mass 
transfer best are the chromium-bearing steels CRM6, 
CRM5, and 12% Cr. Despite this, metallographic 
examination indicates that the chromium-containing 
steels CRMO, CRM6, and CRM5 are very much 
more susceptible to intergranular attack than those 
with higher or lower chromium contents. It is 


hoped that further comparisons will be possible as a 
result of stress corrosion and other work at present 
inhand. The minimum temperature of the loop made 
from 12% Cr remained steady for 2500 h, which 
suggests that very little transfer occurred in this 
period, but after the addition of 500 p.p.m. magnesium 
to the bismuth* very rapid mass transfer and plugging 


followed almost immediately (see Fig. 3). 

Tke resistance of the chromium-containing steels 
to bismuth attack is at first sight puzzling, because it 
is known that pure chromium is at least as soluble 
as iron in bismuth. However, there appear to be 
at least two possible explanations of this improved 
behaviour: 

(i) The chromium present tends to form a compound 
with the iron, thus increasing the energy required 
before atoms of the latter can pass into solution 

(ii) A protective film containing chromic oxide is 
present at the interface between the steel and the 
bismuth. 


The phase diagram of the Fe—Cr system suggests 
that the iron—chromium compound is not particularly 
stable. Furthermore, the behaviour of the 12% Cr 
steel loop indicates that the second mechanism is 
more probably correct, since magnesium, even in 
dilute solution in the bismuth, would on thermo- 
dynamic grounds reduce any chromic oxide film 
present on the steel and allow solution attack to 
proceed. Decreasing the quantities of chromium 
present in the alloys would be expected to lead to 
increased susceptibility to bismuth attack, as the 
oxide films would contain less of the relatively stable 
and protective chromic oxide. 

Such films might also be expected to exhibit weak 
points, corresponding to underlying grain boundaries. 
Anisotropic thermal expansion of the steel grains 





* Magnesium has a reported solubility in bismuth of 
3 wt- % at 440° C. 
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woald rupture such a film at these grain boundaries, 
leading to intergranular penetration. 


CONCLUSIONS 


It is postulated that the superior resistance of the 
chromium-containing steels to attack by liquid 
bismuth is primarily due to the presence at the 
bismuth/steel interface of a thin oxide layer. The 
protective nature of this film increases with increasing 
chromic oxide content. However, tendency toward 
iron—chromium compound formation may well retard 
solution attack, particularly of high-chromium steels 
whose protective films have been ruptured or des- 
troyed. 

The above remarks only apply in the case of rela- 
tively pure bismuth. Investigations in the U.S.A. 
and at A.E.R.E., Harwell, have shown that in some 
instances CRM6 behaves very well in contact with 
bismuth to which certain additions have been made.® 

It is apparent from the work described that none 
of the selected steels can be considered with certainty 
as a suitable container material for liquid bismuth 
in non-isothermal systems. Increasing the chromium 
content of otherwise low-alloy steels confers increasing 
resistance to attack by the liquid metal at tempera- 
tures up to 550°C. This can be satisfactorily 
explained on the basis that the protection is afforded 
by the presence of a thin oxide film at the steel/ 
bismuth interface which contains increasing amounts 
of chromic oxide. Metallographic examination suggests 
that this film is sufficiently weak in the case of 
CRMO, CRM6, and CRM5 to be broken at grain 
boundaries, leading to severe intergranular attack. 

In the case of the steel containing 12% Cr there 
is no evidence that film rupture occurred before the 
addition of magnesium to the bismuth. This steel 
might prove to be a satisfactory container material 
for bismuth, provided that sufficient oxygen is 
available in the bismuth to re-form the film if breaks 
occur. 
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Variation in Fatigue Properties 
over Individual Casts of Steel 


PART II 


INVESTIGATION OF A CAST OF STEEL 


TO B.S. 970 SPECIFICATION En 24 


By E. Ineson, B.Sc., F.I.M., J. Clayton-Cave, and R. J. Taylor, B.Sc., F.S.S. 


INTRODUCTION 


EARLIER WORK! on an acid open-hearth cast of 
steel to B.S. 970 specification En 100, heat-treated to 
a nominal tensile strength of 60-65 tons/in?, concluded 
that the longitudinal fatigue properties were fairly 
uniform, both within an ingot and between ingots of 
the same cast. The fatigue limit of material from the 
top of an ingot was found to be about 5% higher than 
that of material from the middle and bottom of the 
same ingot, but this difference, though statistically 
significant, was considered to have no practical impor- 
tance. Further, it was shown that any small observed 
variations in fatigue properties were closely linked 
with variations in the tensile strength, the hardness, 
and the chemical segregation of the material; no 
association was observed between the incidence of 
fatigue failure and the presence of non-metallic 
inclusions. 

It was considered, however, that metallurgical 
variables originating from the initial cast structure of 
an ingot might have a more important effect on fatigue 
properties of steel heat-treated to higher tensile 
strengths. There is some evidence to show, for 
instance, that at higher tensile strengths, non-metallic 
inclusions have a more marked effect,?~* depen- 
dent, in part, on their orientations with respect to 
the applied stress. Other factors such as micro- 
segregation might also play a more important 
part at the higher strengths. 

The object of the present investigation was, there- 
fore, to study the variations in fatigue properties of a 
commercial cast of steel to B.S. 970 specification 
En 24, rolled and heat-treated to nominal tensile 
strengths of 85 and 125 tons/in? respectively. 


METALLURGICAL DETAILS OF MATERIAL 
Supply of Material 

The material used came from three ingots, each 
weighing approximately 25 cwt. The ingots were 
chosen from a typical cast of steel made in a basic 
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SYNOPSIS 

The variations in fatigue properties (a) within an ingot, and 
(b) between ingots of the same cast of steel, have been determined 
for a typical cast of basic electric steel to B.S. 970 specification 
En 24. Two conditions of heat-treatment were investigated, i.e. 
hardened and tempered respectively to nominal tensile strengths 
of 85 tons/in® and 125 tons/in®. For each condition 500 test-pieces 
were selected to represent various portions of an ingot and different 
ingots in the cast. These were tested in fatigue according to a 
statistically designed experiment. Supplementary metallurgical 
information concerning composition variations, distribution of 
non-metallic inclusions, hardenability, and tensile properties was 
also accumulated. It has been shown that at both levels of tensile 
strength the longitudinal fatigue properties were fairly uniform 
throughout this cast of steel. The non-metallic inclusions were of 
the normal types and sizes usually observed in this class of steel, 
although this particular cast was perhaps cleaner than average. 
No direct association could be detected between the incidence of 
fatigue failure and the presence of non-metallic inclusions, but 
there was some indication that certain inclusions may have con- 
tributed to the initiation of a few failures of material in the 125- 
tons/in? condition. The fatigue properties of the material with a 
tensile strength of 125 tons/in® were inferior to those of the same 
material with a tensile strength of 85 tons/in*. 1579 


electric-are furnace to B.S. 970 specification En 24. 
The whole cast consisted of approximately 250 cwt 
of steel which was teemed directly into ten moulds 
through a $-in. nozzle. Details of the ingot are shown 
in Fig. 1 and the selection of ingots 1, 5, and 10 for 
this investigation is shown in Fig. 2 with details of 
the stages of hot working down to }-in. dia. bars. 

After cooling, the ingots were stripped and charged 
directly into an annealing furnace in which they were 
‘step annealed.’ Following this heat-treatment, the 
surfaces of the ingots were removed by oxy-acetylene 
scarfing. The ingots were then charged into a con- 
tinuous reheating furnace, heated to rolling tempera- 
ture, and rolled to 5-in. square billets. At this stage 
the rolling reduction was 90-5% for the top of an 
ingot and 84-8% for the bottom. Top and bottom 
discards of approximately 15°% and 2% respectively 
were then taken from the products of each ingot and 
the remainder was divided into five equal portions 
of 5-in. square billets for each ingot. 

The first, third, and fifth portions from the Ist ingot 
and the third portions from the 5th and 10th ingots 
were then reheated to rolling temperature, rolled to 
2-in. square billets, and then to {-in. dia. bars. This 
involved a further rolling reduction from the 5-in. 
square stage of 98-5%. 

At all stages of rolling between ingot and {-in. bar, 
examination was made for defects. Great care was 
taken to ensure that the identity of bars with respect 
to the original ingot and ingot position was known. 
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Fig. 1—Details of ingot 


Examination of Composition, Structure, and Mechani- 
cal Properties 


Analysis and Segregation—The cast analysis together 
with check analyses (average of five results) for the 
five ingot positions investigated are given in Table I. 
These results show that the steel is well within 
specification and that there is no appreciable variation 
in composition between the ingot positions. 

The samples reported on in Table I represented the 
full cross-section of the bars. Previous work! showed 
that even when these sample analyses indicate com- 


Whole cast 


Table I 


CHECK ANALYSIS ON SAMPLES FROM THE FIVE 
INGOT POSITIONS, wt-% 
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plete composition uniformity, appreciable variation 
can still exist both from centre to outside of the 
section and from bottom to top of the ingot centre. 
This possibility was therefore investigated for the 
present steel by taking samples with a 0-3-in. dia. 
drill from the centre of -in. dia. bars representing the 
five ingot positions. Corresponding samples were also 
turned from the outsides of the bars. Analyses of all 
these samples gave results agreeing closely with those 
shown in Table I, indicating that there were not 
significant variations in composition throughout an 
ingot or from one ingot to another. Sulphur prints 
taken from sections of 5-in. billet representing material 
immediately adjacent to that selected for the fatigue 
tests showed no segregation whatsoever, thus con- 
firming the analytical results. 

Microscopic examination of longitudinal sections 
showed a certain amount of banding but this was 
considered to be not more than is normal for this 
class of steel. 

Response to Hardening—Conventional Jominy end- 
quench tests were undertaken on samples representing 
the five ingot positions. A sub-standard test-piece 
having a diameter of ? in. was used because the only 
material available was in the form of {-in. dia. bars. 
The results showed that no marked variation existed 
for the five ingot positions and that the hardenability 
curves were similar to those reported elsewhere® 7 for 
similar steels. 

Thin discs cut from the bars and isothermally trans- 
formed showed no variation in the rate of transforma- 
tion between the centre and the outside of the bars. 

Grain Size—No difference existed between the 
austenitic grain size of samples taken from the five 
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Fig. 2—Details of cast 
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Table II 
INCLUSION COUNTS 





mm (x 06-0035) 


Position Type of Inclusion 


Total for Range of Sizes of Widths, 


| Maximum | 


—— | General Remarks 





in Ingot 
| 


0-1-0 |1-0-2-0|2-0-4-0|4-0-8-0 


m 
|s-0-16-0) (x @-6836) 





 ~ 1 } 

‘op Aluminium oxide 16 

Silicates 405 | 
| 


| Manganese sulphide 252 


Middle Aluminium oxide 
| Silicates 


Manganese sulphide | 


Bottom Aluminium oxide 


| Silicates 





| Manganese sulphide | 


Ingot 5 | 
Middle Aluminium oxide 


} 


v7 é 


| Silicates | | 





Inhid. 
S vr 


Ingot 10 
Middle | Aluminium oxide 
| 


Manganese sulphide 








| 
Silicates 
| 


| 
| 
} | Manganese sulphides 

Elongated, sometimes associated with 
| silicate inclusions. General survey indi- 
| cates MnS inciusions to be most numerous 
at top of ingot, but thickest inclusions 
found in bottom and middle portions 


Siliceous type 

Two main varieties present: deformable 
and undeformable; the latter present 
either as spheres or as angular inclu- 
sions. Often the angular inclusions were 
associated with the deformable variety. 
Some of the spherical undeformable in- 
clusions had ‘tails’. Sometimes MnS 
was found with both these varieties of 
siliceous inclusion. 





| Aluminium oxides 
Angular particles found as clusters or 
as stringers with a tendency to form 
* comet-tails ’ 


6-0 





40-0 


| 





Each total count for a given ingot position is drawn from the examination of 120 fields at a magnification of 


« 360 and field of view of 


5 mm diameter 


ingot positions studied; the actual grain size of the 
material varied from 7 to 8 A.8.T.M. as determined 
from prepared micropolished samples given a brief 
oxidizing treatment at the austenitizing temperature. 


Non-metallic Inclusions—Studies of the inclusions 
were made on samples taken from the critical portions 
of the fractured test-pieces, using a method of 
inclusion-counting similar to that employed in the 
earlier investigation. 

Three samples were taken for each ingot position 
under investigation. The samples, approximately 4 in. 
long, were sectioned longitudinally and carefully 
polished with diamond paste to ensure that all inclu- 
sions were retained. Forty random fields were then 


selected for each sample, i.e. 120 fields for each ingot 
position, making 600 fields in all. All fields examined 
were confined to a region within 2-0 mm of the edge 
of the section since it was felt that only inclusions in 
this region could have any bearing on the fatigue tests. 
The counts are given in Table II. 

It will be seen that material from the top of ingot 1 
has a rather higher inclusion content, particularly of 
silicates, than the remaining four positions, but the 
majority of inclusions were very small. The larger 
inclusions were predominantly silicates. Aluminium 
oxide inclusions appear to be confined to ingot 1. 

The manganese sulphides were all elongated in the 
direction of rolling. The silicate inclusions occurred 


Table III 


TENSILE TESTS REPRESENTING THE FIVE INGOT POSITIONS 
Average of Six Tests 





85 tons/in* Condition 


125 tons/in* Condition 
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Table IV 


ANALYSIS OF VARIANCE 
Tensile Tests (U.T.S.) 





85 tons/in* 
Condition 


"Condition. 
tion 
course of | — eer 
Variation | | 

Veeetem Mean Test Mean Test 
| Square! Ratio | Square! Ratio 








Between ingots 1, 5, | 18 -O+ 
and 10 

Between top, middle, | , | 
and bottom of | | 
ingot 1 


Residual | 25 


12-6t 


Total 29 

















* Significant, 1% level + Highly significant, 0-1°%, level 


in two main varieties: those which were quite angular 
and those which were either spherical or slightly 
elongated with ‘tails’ similar to those encountered 
by Frith.* These two varieties were found in all size 
ranges from 0-0035 mm to 0-056 mm. All the 
aluminium oxide inclusions observed were angular in 
appearance. 

Analysis of the inclusion counts resulted in evidence 
against the theory advanced by Palazzi*® that non- 
metallic inclusions are distributed randomly within 
samples of steel, when these are small relative to the 
ingot size. In fact, generally, the presence of the 
inclusions was found to be associated with micro- 
segregation as disclosed by banding. 


Tensile Properties—Tensile tests were undertaken 
on pieces representative of the five ingot positions, in 
two different conditions of heat-treatment correspond- 
ing respectively to nominal tensile strengths of 85 and 
125 tons/in*. The preparation of pieces and con- 
ditions of test were as follows: 


(i) Nominal 85 tons/in*—Six pieces of j-in. dia. bar 
for each ingot position were heated in one batch to 
850° C, held for one hour, and oil-quenched. They 
were then tempered at 500° C for one hour. Standard 
tensile test-pieces of 0 -564 in. dia. with a 2 -0-in. gauge 
length were machined from the blanks and tested in 
conformity with B.S. 18 using a 35-ton Amsler 
machine and a Lindley extensometer. 

(ii) Nominal 125 tons/in*—Six pieces of j-in. dia. 
bar for each ingot position were rough machined to 
within 0-030 in. of final dimensions. The rough 
machined pieces were heated in one batch to 850° C, 
held for one hour and oil-quenched, followed by 
tempering at 200°C for eight hours. Machining to 
final dimensions was done by cylindrical grinding. 
This ensured that the results would relate to the 
fatigue test-pieces which were prepared similarly. A 
sub-standard diameter of 0-357 in. was adopted, i.e. 
0-1 in* cross-sectional area, to keep the tests within the 
capacity of the testing machine. A Lindley or a 
Huggenberger extensometer with a gauge length of 
2-0 in. was used for determinations of proof stress, 
but percentage elongations were calculated from 
measurements made on a gauge length equal to 4A, 
where A was equal to the original cross-sectional area. 


The tensile test results are given in Table III. 
There are no major differences between the results 
from material representing each ingot position for 
either heat-treatment condition, but generally the 
tensile strength of the material from the bottom of 
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ingot 1 is lower than that from the middle and top 
of this ingot, and the tensile strength of material from 
the middle of ingot 1 is lower than that from the 
middle of ingots 5 and 10. The statistical significance 
of these inferences is demonstrated by analysis of 
variance (U.T.S.) given in Table IV. 


DESIGN OF FATIGUE EXPERIMENTS 


Two experiments are discussed in the present paper 
and the plan for each is based on that used in an 
earlier investigation. For each experiment, and for 
each ingot position, 100 tests were intended, 10 at 
each of 10 stress levels. Their arrangement specified 
that, from each of the 10 bars in an ingot position, 
one and only one test-piece is used at any given stress 
level by each of 10 testing machines. Because of 
practical difficulties, described later, the initial plan 
had to be modified slightly; nevertheless the original 
aim was retained: to make the final comparison 
between ingot positions independent of testing 
machines, bar to bar variations (within an ingot 
position), variations along a bar, and variations in 
batch heat-treatment. 

The 1000 test-pieces (excluding spares) were 
numbered consecutively from the beginning to the 
end of the cast. The investigation into material, 


85 tons/in? condition, used only odd-numbered pieces 
and the investigation into material, 125 tons/in? con- 
dition, used the even-numbered pieces. 


Choice of Stress Levels and Threshold Values 


The choice of the ten stress levels used in the two 
experiments was based, in each case, on conventional 
S/N diagrams determined from the appropriate heat- 
treated material representing each of the five ingot 
positions. 

Fatigue-limit estimates must be sensitive to changes 
in the threshold criterion used to decide whether a 
test result can be classified as a non-failure, i.e. the 
maximum number of cycles to be completed in any 
test, even when the specimen does not fracture. The 
choice of the threshold value, 40 x 10° cycles, for 
testing the 85 tons/in® material, was based on past 
experience. For higher tensile steels Frith* states that 
testing should be continued to at least 100 x 10° 
cycles; in fact the results from the 125 tons/in* material 
indicate that even with a threshold value of 1000 x 10° 
cycles an appreciable chance would still exist that 
the classification of a test would have to be changed 
from non-failure to failure if testing were continued. 
Nevertheless the final choice of threshold value was 
100 x 10 cycles as limitations in time and in testing 
facilities prohibited the use of a greater number of 
cycles. 


Heat-treatment of Test Bars 

The pieces required in the 85 tons/in* condition 
were heat-treated in the §-in. dia. bar form by oil- 
quenching from 850°C and tempering for 1 h at 
500°C. The pieces required in the 125 tons/in® con- 
dition were first rough machined to within 0-03 in. 
of final size and then oil-quenched from 850°C, 
followed by tempering for 8 h at 200° C. 

For both conditions the 300 test-pieces representing 
the top, middle, and bottom positions of ingot 1 were 
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made up into ten batches of 30 pieces each, each 
batch containing all the pieces destined for testing at 
a particular stress level. The 200 pieces representing 
the middle portions of ingots 5 and 10 were divided 
into ten batches of 20 pieces each, again with each 
batch containing all the pieces to be tested at a 
particular stress level. Throughout the heat-treatment 
great care was taken to ensure that the conditions 
were similar for each batch of test-pieces. 

As in the previous work, a check was made on the 
uniformity of the batch heat-treatments; every heat- 
treated test-piece was checked for hardness both 
before and after machining. One batch of 85 tons/in? 
material was found to be off-standard; after machining 
the average diamond hardness (HD30) was 446 D.P.N. 
against 418 D.P.N. for the other batches, but before 
machining the Brinell test results were normal. 
Subsequent examination showed that an increase in 
surface hardness had occurred during machining; as 
will be seen later the fatigue results from this batch 
were incompatible with the other results. The heat- 
treatment of 125 tons/in? material produced consistent 
results for all batches. 

Microstructures in the quenched and tempered at 
500° and 200° C conditions were typical of this class 
of steel given these treatments. Measurements by 
X-ray diffraction showed that in the latter condition 
the amount of retained austenite in the fatigue test- 
pieces was less than 5%. 


Fatigue-testing Machines and Test-pieces 


The fatigue-testing facilities have remained un- 
changed throughout the investigation; the testing 
machines are of the N.P.L. two-point loading, rotating- 
beam type described by Phillips.® The test-pieces 
have an unnotched, uniformly loaded, critical section 
and details of their design (identified as F’) are given 
elsewhere. A description of the fatigue-testing 
laboratory and equipment has also been given 
previously." 

Test-pieces from material in the 85 tons/in*? con- 
dition were prepared by turning from {-in. dia. bar 
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Fig. 3—Fatigue test results, 85 tons/in* condition (cri- 
terion for non-failures: 40 x 10° cycles) 
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Fig. 4—Fatigue test results, 125 tons/in* condition (cri- 
terion for non-failures: 100 x 10° cycles). 


after heat-treatment and finally by hand-polishing 
longitudinally with various grades of metallographic 
polishing papers down to 000. In the case of the 
material in the 125 tons/in* condition, the method of 
test-piece preparation was modified. The initial 
blanks were rough machined to plus 0-030 in. of the 
final dimensions. They were then heat-treated, 
cylindrically ground to finished size, and finally 
longitudinally polished with diamond paste. The 
primary difference between the two methods of 
preparation was the substitution of grinding for 
turning. 

A small series of fatigue tests at +- 55 tons/in* was 
completed on material heat-treated to 125 tons/in* 
to determine the effect of this change in prepara- 
tion. The turned and polished specimens had a mean 
life of 3-8 x 10° cycles whereas the ground and 
polished specimens had a mean life of 4-3 x 10° 
cycles. This difference was not considered to be large 
enough to warrant rejection of the alternative method 
of preparation. 


RESULTS OF FATIGUE EXPERIMENTS 
Form of Results 


The complete results for the two conditions of heat- 
treatment are shown in Figs. 3 and 4 respectively. 
According to the plan, for each condition ten tests 
were to be undertaken at each of the ten stress levels 
for each of the five ingot positions. For various reasons 
it was not possible to keep to this plan completely. 

In the 85 tons/in® condition, one batch of 30 test- 
pieces from ingot 1 was damaged during machining 
and no attempt was made to test these. A further 
batch, as mentioned earlier, were found to be ‘ off- 
standard ’ and although they were tested (see stress 
level + 46 tons/in*: ingot 1 in Fig. 3), the results 
were not included in the subsequent analysis which 
was, therefore, for ingot 1, restricted to eight of the 
intended ten stress levels. The full ten stress levels 
were completed for ingots 5 and 10. 

The test-pieces in the 125 tons/in® condition required 
such a long duration of test that the time to complete 
the whole planned experiment became prohibitive. 
The programme was, therefore, shortened by increas- 
ing the stress increments and reducing the number of 
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Table V 
FATIGUE PARAMETERS OF INGOTS 1, 5, AND 10 





85 tons/in* Condition 


| 125 tons/in* Condition 





Fatigue Limit 
(Criterion 40 x 10° cycles) 


Fatigue 
Ratio 


Fatigue Limit 
(Criterion 100 x 10° cycles) 


Fatigue 
Ratio 





95%, 0 
+ tons/in* + tons/in* 


50° F.L. (95%) 
U.T.S. 


95% 


F.L. (95%) 
+ tons/in* ‘ud 


50%, 
+ tons/in* —~“tC.Ts. 





 ~ 1 
op 


Middle 


44-0 (42-5) 
43-8 (42-5) 
43-9 (40-7) 


45-9 (+0-5) 
45-6 (+0-5) 
Bottom 45-0 (10-4) 


Ingot § 
Middle 


eae 


42-6 (42-2) 45:5 (+0-6) 





43-3 (41-8) 
} 


45-8 (10-6) 





0-511 
0-510 
0-515 


0-495 


0-501 


} 
39-1 (42-3) 
39-7 (42-0) 
| 39-0 (42-3) 
| 
| 


42-8 (+1-1) 
42-7 (41-0) 
42-7 (41-1) 


0-317 
0-321 
0-320 


39-2 (42-0) 41-9 (41-0) 0-314 


37-3 (42-7) 41-4 (41-2) 0-301 








N.B.—The accuracy of each estimate of fatigue limit is shown by the f 


ures in parenthesis. These figures (‘t’ « standard error) define 


a range in which the true fatigue limit will be expected to be with 95% confidence. 


stress levels investigated to seven, in the case of 
ingot 1], and six each in the cases of ingots 5 and 10. 


Analysis of Results 


The definition of the fatigue limits has been 
described elsewhere! !* together with a description 
of the necessary analysis.) 12, 1% 

(i) The fatigue limit (95%) is that stress level at 
which 95 % of tests can be expected to exceed 40 x 10° 
cycles for the 85 tons/in* condition and 100 x 10° 
cycles for the 125 tons/in® condition 

(ii) The fatigue limit (50%) is that stress level at 
which 50 % of tests can be expected to exceed 40 x 10° 
cycles for the 85 tons/in* condition and 100 x 10° 
cycles for the 125 tons/in* condition. 

The estimates of the fatigue limits for the separate 
ingot positions, and the errors associated with these 
estimates, are given in Table V. Clearly the fatigue 
properties are similar for all ingot positions whichever 
heat-treatment condition is considered. The difference 
between the largest and smallest fatigue limit (95%) 
observed is about 3% for the 85 tons/in? material and 
about 6°, for the 125 tons/in? material; neither of these 
differences is considered of any practical importance. 

A statistical analysis of the fatigue results produced 
different conclusions from those for the tensile tests. 
Generally both the tensile and fatigue strengths of 
material from the bottom of ingot 1 are relatively 
inferior to those of material from the top and middle 
of this ingot. But this cannot be stated as confidently 
for the fatigue results as for the tensile results; in 
fact only the fatigue limits (50%) for the 85 tons/in? 
material indicate any statistically significant differ- 
ences between the positions within an ingot. Further, 
in direct contrast to the relative tensile strengths of 
the three ingots, the fatigue strength of material from 
the middle of ingot 1 is generally superior to that of 
material from the middle of ingots 5 and 10. In 
particular for the 125 tons/in* material, the fatigue 
limits (50% and 95%) of material from the middle 
of ingot 10 are statistically significantly lower than 
the corresponding fatigue limits for ingot 1. 

A most important feature of the fatigue results is 
the marked falling away of the fatigue properties in 
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the higher tensile condition. Table V shows that each 
fatigue limit estimate for the 85 tons/in® material is 
higher than the corresponding estimate for the 125 
tons/in? material. This point is emphasized if the 
fatigue ratios are compared instead of the fatigue 
limits. To be strictly comparable the corresponding 
fatigue limit estimates should both be based on the 
same threshold value, which is not true in Table V; 
an estimate for the 125 tons/in® condition based on 
40 x 10° cycles has little practical meaning. How- 
ever, it is interesting to note that even the use of this 
estimate (overall fatigue limit (95°) +- 42-5 tons/in?, 
fatigue ratio 0-344) demonstrates that the 85 tons/in® 
material (overall fatigue limit (95%) -++ 43-5 tons/in?, 
fatigue ratio 0-506) has superior fatigue properties. 

The mean number of cycles to failure, at a given 
stress level, does not differ significantly between ingot 
positions for either heat-treatment condition. But 
the variation in the lives of test-pieces certainly 


(a) 85 tons/in *condition () 125 tons/in* condition 


Fig. 5—Typical examples of fractured test-pieces x 4 
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depends on the tensile strength of the material (see 
Figs. 3 and 4). Analysis of the results from two stress 
levels common to both experiments (+ 44-0 and 
45-0 tons/in*) demonstrated that although 82% of 
the 100 tests made on the 85 tons/in? material exceeded 
40 x 10® cycles against 55% for the 125 tons/in? 
material, nevertheless 13% of the 85 tons/in® test- 
pieces fractured before 4 x 10® cycles against only 
3-75% of the 125 tons/in® test-pieces. 


Examination of Fractures 


The fractured surface of all broken test-pieces was 
examined under a stereoscopic microscope at a 
magnification of x 100 immediately after failure. A 
proportion were also examined at higher power. In 
no case, in either condition of heat-treatment, could 
the initiation of fracture be directly attributed to a 
non-metallic inclusion, although in some instances, 
particularly samples from ingot 10 in the high-strength 
condition, rounded cavities could be detected near the 
origin of fracture which might have been the site of 
an inclusion. Many of the test-pieces heat-treated to 
125 tons/in? tensile strength exhibited “ white spots ’ 
in the fracture, very much as reported by Frith.? 
These white spots occurred more frequently at the 
lower stress levels and their size invariably fell within 
the range 0-004-0-15 in. diameter. The most careful 
examination of these white spots did not reveal the 
presence of a non-metallic inclusion. The spots did 


not occur when failure could be attributed directly 
to the presence of a surface imperfection or when 
failure took place in the fillet radii. It is suggested 


that the incidence of these white spots is influenced 
more by the state of the surface stresses than by the 
presence of non-metallic inclusions. Support for this 
idea is provided by the behaviour of nitrided speci- 
mens which generally exhibit a white spot at the 
point of initiation of the sub-surface failure when 
fractured in fatigue. 

The shape of the fractured surfaces in the 85 tons/in” 
material was rather unusual. From the point of 
initiation the fractures appeared to have progressed 
normal to the surface for some distance and then to 
have changed direction so that the remainder of the 
fracture was at 45° to the original direction. The 
portion of fracture surface normal to the specimen 
surface was found to be in the form of a round plateau, 
usually very smooth, whilst the remainder was of a 
form more usually associated with a torsional failure. 
This type of fracture occurred in all cases for material 
in the 85 tons/in? condition. 

The fractures in the 125 tons/in? material were all 
virtually normal to the specimen surface and com- 
paratively smooth in appearance. 

Examples of typical fractures in both conditions of 
heat-treatment are shown in Fig. 5. 


CONCLUSIONS 


(1) The fatigue properties of this cast of En 24 steel 
have been shown to be uniform throughout when 
heat-treated to either 85 or 125 tons/in? tensile 
strength, for all practical purposes. 

(2) The fatigue limits (95%) vary from + 42-6 to 
+ 44-0 tons/in? for the 85 tons/in® steel (based on 
40 x 10° cycles) and from +. 37-3 to + 39-7 tons/in® 
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for the 125 tons/in® steel (based on 100 x 10° cycles). 
The corresponding variations for the fatigue limits 
(50%) are + 45-0 to + 45-9 tons/in* and + 41-4 to 
42-8 tons/in?. 

(3) The fatigue ratios, based on the 95%, fatigue 
limit, vary from 0-495 to 0-515 for the 85 tons/in? 
steel but only from 0-301 to 0-331 for the 125 tons/in* 
steel. Even when the same threshold criterion is used 
(40 x 10° cycles) the overall fatigue ratio is 0-506 
for the 85 tons/in? steel against 0-344 for the 125 
tons/in? steel. 

(4) This particular cast of steel was a comparatively 
clean one and although the distribution of non- 
metallic inclusions was fairly uniform it did not con- 
form to that postulated by Palazzi.* The top of 
ingot 1 contained rather more silicate inclusions than 
the other portions but they were generally very small. 
Considering all the ingot positions collectively the 
largest inclusions were predominantly silicates. No 
direct association between the inclusion content of 
the steel and fatigue failure could be detected. There 
was some indication that certain inclusions may have 
contributed to the initiation of a few failures of 
material in the 125 tons/in® condition. 
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Annual General Meeting, 1958 


The E1cutry-nNintH ANNUAL GENERAL MEETING of THE IRON AND STEEL INSTITUTE 
was held on Wednesday and Thursday, 7th and 8th May, 1958, at the Offices of the 


Institute, 4 Grosvencr Gardens, London, S.W.1. 


Mr. A. H. Incen-Hovsz, the Retiring 


President, was in the Chair at the beginning of the Meeting, his place being taken 
later by Mr. C. R. WHEELER, C.B.E., the new President. 

Discussions at some of the technical sessions are given below; further discussions 
will be published in subsequent issues of the Journal. 


JOINT DISCUSSION ON SfEELS CONTAINING CHROMIUM, 
VANADIUM, AND MOLYBDENUM 


This discussion was based on the following papers (the 
dates of publication in the Journal are given in paren- 


er enkiad 
Carbide Precipitation in Several Steels containing 
Chromium and Vanadium,” by A. K. Seal and 
R. W. K. Honeycombe (1958, vol. 188, Jan., pp. 
9-15). 

“ The Effect of Tantalum and Niobium on the Temper- 
ing of Certain Vanadium and Molybdenum Steels,” 
by A. K. Seal and R. W. K. Honeycombe (1958, vol. 
188, Apr., pp. 343-350). 

“The Tempering of Low-alloy Creep-resistant Steels 
containing Chromium, Molybdenum, and Vana- 
dium,” by E. Smith and J. Nutting (1957, vol. 187, 

Dec., pp. 314-329). 

Professor R. W. K. Honeycombe (Sheffield University), 
who presented the first two papers, said: We are dis- 
cussing the results of some of the work carried out over 
the last five years on the precipitation of carbides in 
steels. Much progress has been made, primarily by the 
application of electron microscopic methods to the 
study of these carbides. But, substantial though the 

progress has been, most of the work which is to be 
discussed has been done with electron microscopes with 
resolution between 30 and 50A. There are now in 
operation instruments which can resolve less than 10 A, 
and which can do better than this in certain cireum- 
stances. It seems reasonable to prophesy, therefore, 
that the next ten years will see even greater progress than 
the immediate -war era. 

Added to this, the use of electronic methods in general 
is becoming very extensive indeed. The electron micro- 
scope is not the only means at our disposal, and indeed 
without associated electron diffraction techniques the 
results of electron microscopy would be inadequate. We 
can now add the electron probe analyser, which is 
becoming fairly well known. I think that there is a 
great future for such instruments, by which it is possible, 
by using a fine electron beam of about 1 yu in diameter, 
to analyse by X-ray fluorescence the very small area 
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involved, the amount of material in these analyses being 
incredibly small. 

The latest development, at the Cavendish Laboratory, 
is that of a scanning electron probe analyser, where an 
actual electron image, as in the electron microscope, is 
formed by a scanning electron spot of very small dimen- 
sions. It is possible to stop the spot at any point of 
interest and then analyse that very smal} region by means 
of the X-rays emitted from it when the electron beam 
impinges on it. 

These pieces of equipment may seem complicated, but 
I am sure that we can rely on the electrical firms to 
develop these instruments to the point when we will be 
able to use them for research and even routine examina- 
tions. The electron microscope has certainly reached 
this stage, and I am sure that these other and more 
exotic instruments will soon do so. 

I say this to emphasize the fact that we are at a 
half-way stage, and I believe that progress will become 
much more rapid in the next few years. I only hope that 
those laboratories which have started this work will have 
the opportunity to continue it. The equipment is 
extremely expensive, and many of us have great diffi- 
culties in getting the necessary money, but I feel that the 
electron microscope has taught a valuable lesson, and 
that in future there will be more encouragement to use 
these modern physical methods. 

Dr. J. Nutting (Cambridge University), in presenting 
the third paper, said: Five years ago electron micro- 
scopes were available with resolving powers of 20-30 A, 
but we had no satisfactory techniques which would allow 
us to resolve 20-30 A, and one of the first things to be 
done was to develop a method for preparing replicas 
from alloy steels. This was done by Dr. Smith. He 
first of all used a method which had been described by 
Bradley, of plastic replicas and evaporating 
carbon on to them, but he discovered that this was not 
very satisfactory, and this led him to develop the direct 
carbon replica process, which has been successfully used 
by ourselves and other workers. 
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Fig. A—Widmanstatten pattern of V,C, particles after 
tempering at 650° C 


Mr. F. B. Pickering (United Steel Companies Ltd.): I 
congratulate the authors on the excellence of both their 
results and their electron micrographs. At the United 
Steel Companies we have been making a systematic 
study of the effect of molybdenum, vanadium, tungsten, 
and chromium in low-alloy steels containing boron, and 
also the effects of various alloy additions to 12%Cr 
steels and to still higher chromium steels. We have 
accumulated much data involving not only hardness 
measurements but also electron and X-ray diffraction 
analysis of the particles, and electron microscopy. 

I shall divide my remarks into three main topics: (a) 
the precipitations in vanadium steels; (b) the precipita- 
tions in molybdenum steels; and (c) the changes in high- 
chromium steels. 
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Fig. C—Vanadium carbide plates in delta ferrite 


Before dealing with these three topics, however, I 
should like to discuss the initial structures. We have 
never identified ¢-carbide as such, probably because our 
techniques have not been sensitive enough, or we have 
not tempered the steels at low enough temperatures. I 
should like to ask Dr. Nutting whether there are any 
morphological differences between the two forms, ¢ and 
Fe,C, which could aid identification. 

Turning to the precipitation of vanadium carbide, 
we have examined the effect of increasing vanadium 
content in $%Mo-B steels. In the base 4%Mo steel, 
Mo,C was the precipitating carbide, but as little as 
0-1%V changed the carbide type to V,C, and introduced 
marked secondary hardening. At this low vanadium 
content, however, M,,C, (the remnant influence of the 
molybdenum present) was still observed at the higher 
tempering temperatures. Above 0:2%V, however, the 
only alloy carbide observed was V,Cj. 

We concur completely with the results of Smith and 
Nutting on the secondary-hardening processes in vana- 
dium steels, namely, that the V,C, precipitates by 
separate nucleation and the Fe,C redissolves, until there is 
a fine dense precipitate of V,C, occurring throughout the 
steel. During the over-ageing we observed rather more 
marked Widmanstitten patterns of V,C, carbides than 
that shown by Smith and Nutting, Fig. A, and we 
observed also similar electron diffraction effects to those 
noted by Smith and Nutting, together with marked 
preferred orientation maxima on the rings from the 
Widmanstatten precipitate. The authors’ interpretation 
of the particle shape in the early stages of formation of 
V,C, agrees with our views on the growth of the V,C, 
plates which, in general, maintain this shape but lose 
coherency as they grow, and this results in the over- 
ageing or softening. 

Dr. Nutting suggests that molybdenum does not 
enter into solid solution in V,C,, but this is contrary to 
our experience. We find that after tempering for 100 h at 
700° C the lattice parameters of the V,C, decrease as 
the vanadium content increases. On the basis of the 
results of Krainer, these parameter changes indicate that 
up to 40 at-%Mo can enter the V,C, in the 0-1%V steel, 
but as the vanadium content increases the proportion of 
Mo/V in the V,C, decreases. In view of the effects ob- 
served by Seal and Honeycombe, I should like to ask 
whether molybdenum dissolves in Cr,C,. 

Also in agreement with Smith and Nutting, we find that 
an increase in vanadium content first retards the second- 
ary-hardening reaction up to V/C ratio of 3:1, but that 
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Fig. D—Effect of molybdenum on secondary hardening 


further increases in vanadium content then accelerate the 
reaction. The reason for the initial retardation could be 
either stabilization of the Fe,C by vanadium or possibly 
the precipitation occurring over longer times with 
increasing vanadium content, while the acceleration at 
higher V/C ratios is probably due to increased super- 
saturation of V,C, causing more rapid precipitation and 
over-ageing. Increasing the V/C ratio also produces an 
optimum in the intensity of the secondary hardening 
at a V/C ratio of about 5:1 (Fig. B). 

From the microstructures it appears that the increase 
in secondary hardening with increasing vanadium is due 
to an increased number of V,C, precipitates, whilst 
the decrease in hardening above the optimum vanadium 
content is the result of a greater tendency for the V,C, 
to coarsen more rapidly as the V/C ratio increases. 

With regard to the recrystallization effects observed 
by Smith and Nutting, much of our work supports many 
of the points put forward by them, but we would also 
point out that recrystallization can occur in the presence 
of V,C, at martensite plate boundaries under the activa- 
tion of creep deformation. The initial structure of a 
1%Cr~Mo-V steel in the tempered condition, 9h at 
700° C, consisted of a fine dispersion of V,C, with larger 
V,C, particles at the acicular ferrite grain boundaries. 
This structure was retained after creep testing to 0-15% 
strain in 5000 h at 565° C, but after creep testing up to 
the same strain and at the same temperature in 11,000 h 
considerable recrystallization occurred. 

Turning to the effect of vanadium in the high-chromium 
steels, we have been mainly interested in the 12-13%Cr 
steels, and we are in agreement with Seal «nd Honey- 
combe in finding no V,C, as a separate phase (even in 
12% Cr steel with 1%V), if there is no 5-ferrite present. 
If §-ferrite is present in the steel we find that V,C, 
precipitates within the ferrite, and Fig. C shows the 
structures in which we can definitely see small, thin, 


rectangular plates. 
In Mo-B steels, the evidence we have obtained is all in 
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favour of a separate nucleation of Mo,C in the same way 
that V,C, is separately nucleated, although at low- 
molybdenum contents the increase in hardness is either 
absent or very slight. We find that the very early stages 
of precipitation produce a fine dense cloud-like precipita- 
tion of Mo,C which gives rise to diffraction patterns 
which are imperfect: some of the lines being either weak 
or missing. The strong reflections suggest that the 
initial form of the precipitates is that of thin plates paral- 
lel to the basal plane of the hexagonal lattice. At 
maximum secondary hardness the structure contains a 
very dense precipitate of Mo,C, whilst Fe,C redissolves, 
but during over-ageing what appear to be needles of 
Mo,C grow from this dense precipitate, and we obtain a 
Widmanstitten pattern again, with the attendant elec- 
tron diffraction effects. 

Increasing molybdenum content to 2% progressively 
retards the rate of secondary hardening, possibly owing 
to stablization of the Fe,C by molybdenum. Above 2% 
Mo, however, the reaction is again accelerated, probably 
because of increased over-ageing due to the increased 
degree of supersaturation, although the effect of lower 
transformation temperatures cannot be excluded. The 
effect of molybdenum contents up to 3% is progressively 
to increase the degree of secondary hardening (Fig. D). 
The microstructures indicate that this is due to increased 
numbers of precipitated Mo,C particles. 

The over-ageing of the molybdenum steels is not as 
straightforward as that of the vanadium steels, because 
between 1% and 2%Mo, two transitional carbides, 
M,,C, and M,C), tend to appear during the approach to 
the final equilibrium carbide M,C. These two carbides 
form most readily in the 14%Mo steel, but are generally 
absent in the 3%Mo steel, when the over-ageing reaction 
is one from Mo,C to M,C in situ mainly at grain boundaries. 
As the M,C grows so the Mo,C needles tend to coarsen 
and re-dissolve (Fig. 2). 

Smith and Nutting state that no Mo,C was observed in 
the 3%Cr-Mo steel, and yet we find extensive Mo,C 
formation with both Fe,C and Cr,C,; in a 1%Cr—Mo 
steel and also in 2}%Cr—Mo steels after tempering for 
30h at 650° C (Fig. F). It appears, therefore, that the 
Cr/Mo ratio has a marked effect on the formation of 
Mo,C, and this is probably closely related to the effect 
of Cr on the creep properties of Mo steels. 

Turning to the precipitation of chromium carbides, 
there seems to be considerable controversy and un- 
certainty about the mechanism of formation of Cr,(C;. 


Fig. E—M,C and Mo,C carbides after tempering at 
700° C 
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Those who work with high-chromium steels postulate 
that a separate nucleation effect is observed, while those 
who work with low-chromium steels take a different 
view. With regard to high-chromium steels, we find that 
in 12%Cr steel containing 0-1%C the formation of Cr,C, 
gives rise to a secondary-hardening type of reaction, the 
dense precipitate of Cr,C, being separately nucleated. A 
further increase in tempering produces a series of very 
fine plates in the matrix of the specimen which are 
Cr,C, (Fig. @), whereas the remnant Fe,C plates, which 
are bigger, are developing a dot—dash effect, or fragmenta- 
tion, which is probably the same effect seen by Seal and 
Honeycombe in some of their photographs. Our work 
supports the belief that Cr,C, forms by a separate 
nucleation, although the in situ transformation of Fe,C + 
Cr,C, is also possible in view of the fragmentation effects 
in the Fe,C. On the other hand, all the evidence we 
possess tends to show that in a 4%Cr steel, the change 
from Fe,C — Cr,C, occurs in situ (Fig. H). 

The secondary hardening by Cr,C, is not large in plain 
12%Cr steels, but we agree with Seal and Honeycombe 
that Mo and V can increase the intensity of this secondary 
hardening; 4% Mo increases the hardness by 35 D.P.N. 
and 4%V by 25 D.P.N. We have found no effect of 
Nb, but this is probably due to the use of a too low 
solution treatment temperature. 

Finally, I note that Dr. Nutting has pointed out some 
of the fallacies inherent in the use of tempering para- 
meters but I must say a few words in their defence. It is 
true that their use cannot adequately represent a 
precipitation reaction, nor do they show changes in 
structure, such as grain size, at the same hardness value. 
Consequently, they are not suitable for investigating 
thoroughly the changes in structure occurring during 


tempering; isothermal or isochronal curves are preferable 


Nevertheless, for use in rapid heat-treatment, and for 
enabling much information to be presented on one 
diagram, tempering parameter curves possess a real 
advantage. Also, they are more than useful in enabling 
rapid sorting of steels, by relatively few tests, into 
categories of increasing tempering resistance, and hence 
are of value also in development work. 


Dr. H. J. Goldschmidt (B.S.A. Group Research 
Centre): I congratulate the authors on this work and 
on the elegant manner in which they have brought all 
the various techniques to bear on the carbide problem. 

In the first paper the re-solution of cementite, once 
formed from martensite on tempering, was of great 


Fig. F—Molybdenum carbides in 1% Cr—Mo steel after 
tempering for 30 h at 650° C 
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Fig. G——Fine plates of Cr,C, in 12% Cr steel tempered at 
500° C for 240 h 


interest. On tempering at the highest temperature used, 
700° C, does the Cr,C, carbide form immediately, without 
prior cementite, or does the sequence of events occurring 
at lower temperatures (namely, formation, re-solution of 
Fe,C, formation of Cr,C,), apply in principle to all 
sub-transformation temperatures, only at an accelerated 
rate at the higher ones? It is tempting to follow the work 
through to shorter times and to enquire whether, after a 
few minutes at 700° C, the cementite stage would still 
appear, with the same hardness sequence, as well as to 
follow the pre-precipitation mechanism from Guiner-— 
Preston zone effects in single crystals (if these can be 
produced). 

Would the authors conclude that the chromium carbide 
formation and the cementite solution proceed as two 
independent reactions, or are they not at least partly 
interrelated, in so far as one nucleates preferentially at 
points abandoned by the other? Figure 8 seems to sup- 
port the latter, but the weight of the authors’ results the 
former. 

It seems to be generally the case, also in the Ta, Nb, and 

Mo steels, that, whatever the carbide-forming alloy 
addition, cementite forms first. This interesting finding 
seems to put the iron carbide into quite a different 
category to the rest, as of course structurally it is. I 
wonder whether the solution of cementite and the simul- 
taneous nucleation of alloy carbide, should be regarded 
as quite separate phenomena, or whether they are 
partially in a ‘ cause-and-effect’ relation, in so far as 
cementite must re-enter into solution, to replenish the 
parent lattice with the carbon needed to precipitate the 
alloy carbide. 
* A further question of interest is that of the chromium 
content of the initial cementite (Fe,Cr),C, and whether 
this is already similar to that of the subsequent (Cr,Fe), 
C, carbide, which itself is an iron-saturated solution. It 
is possible that the highly dispersed cementite is already 
quite high in chromium. A simple analysis of the extracts 
may perhaps decide that. 

Furthermore, were there any observable changes in 
lattice spacing or in line width of Fe,C and Cr,C, during 
the course of precipitation? These would be significant. 

Figure I shows a set of our results on low Cr—Mo 
steels which would tie in with the authors’ first stages of 
nucleation. It illustrates changes of the cementite lattice 
dimensions in a series of 0-3%C steels with varying 
molybdenum content, and at several chromium levels. 
In cementite, whilst the Cr atom readily replaces iron, 
the Mo atom also enters, but only metastably. 
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Fig. H—-In situ transformation of Fe,C to Cr,C, in 
4%Cr steel tempered at 450° C 


It is in fact too large to remain in stable solution, but 
is present in supersaturation, producing considerable 
lattice strains. These are shown by line broadening, the 
line width increasing with rising Mo contents, from 
perfectly sharp lines without molybdenum. The expan- 
sion is not isotropic, and Fig. I shows how the three 
axes of the orthorhomic unit cell change with Mo- 
content: The a axis remains fairly constant, the 6 axis 
attains a minimum, which coincides with a maximum 
in the c axis. It would appear that the Mo atom when it 
enters the Fe,C lattice unstably, tends to create already a 
carbon configuration around itself, corresponding to the 
formation of incipient Mo-richer carbide: in the authors’ 
terms of Mo,C. 

One effect is that, within the cementite lattice, the 
carbon content will vary from one cementite unit cell to 
the other, depending on whether an Mo atom is near or 
not. Such heterogeneity on a lattice scale would again 
imply stress and increasing line broadening. 

The point of principle I want to make is that such 
carbide — carbide precipitation can be, I think, almost 
as important as matrix - carbide precipitation, and 
that it should receive more attention, perhaps by single 
crystal as well as powder work. 

Passing on to the authors’ vanadium steels, one point 
that was not mentioned is the liability of defect lattice 
formation in vanadium carbide, which I think can play 
an important part. Should the formula ‘ V,C,’ here 
be taken as the strictly correct one, or is it only nominal, 
and might it still be ‘ VC,’ with perhaps some vacant 
carbon sites? This difference becomes the more 
significant if we have Nb and Ta also present, as their 
carbides would definitely favour the higher carbon 
contents. Also, we know that V,C; is isomorphous with 
carbon-saturated austenite, and that, historically, it will 
have originated from austenite, though with the inter- 
vening martensitic shear. I should like to ask whether 
there are any signs of orientation and coherency 
between the matrix crystals and V,C, which might reflect 
any such origin. Moreover, in the vanadium-—carbon 
system, the cubic carbide is not the only one, but a 
hexagonal carbide V,C is also known to exist. It would, I 
suggest, be extremely interesting to see whether there 
is any such intermediate during the precipitation 
of V,C,. May I suggest that, before decomposition of 
austenite, stacking faults would occur which would give 
within the face-centred cubic lattice, localized pseudo- 
hexagonal regions, structurally related as the two 
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vanadium carbides V,C and V,C,;. This also ties up with 
the fact that the f.c. cube can accommodate more carbon 
than the c.p. hexagonal lattice. In fact, I cannot help 
wondering whether, around the sites of the vanadium— 
carbide crystallite there would not exist in the matrix a 
very thin film of retained austenite, as is the case at the 
normal grain boundaries. Such coherency between V,C; 
and original austenite is worth following up. 

One small factual question: in steel A, only Fe,C, 
Cr,C,, and Cr,,C, are mentioned as the carbides, although 
it contained 0-38%V. Is it implied that this amount of 
vanadium remains in solid solution in the matrix or in 
these other carbides, and from what percentage upwards 
would the authors say that vanadium exerts its indi- 
viduality and produces its own carbide V,C,? 

Referring to the second paper, is it again implied that 
‘ NbC ’ is the correct composition for niobium carbide? It 
has been stated as ‘ Nb,C; ’ (analogous to V,C,), and here 
again defect lattice effects may well become important. 

I am not clear whether we should conclude that the 
niobium and tantalum carbide precipitate as one solid 
solution with the vanadium carbide, as suggested in the 
text, or whether V,C, and (Nb,Ta)C are two separate 
phases as the X-ray spacings in Table III seem to 
indicate. 

In the molybdenum steels, the concept of Mo,C as a 
non-equilibrium condition towards eventual 7-carbide 
(M,C) formation seems particularly interesting, and 
agrees with our results. I wonder however, whether, in 
the steel, the 7-carbide should be considered as a reaction 
product between the Mo,C and Fe,C, formed previously, 
or as a fresh precipitate from the matrix, whilst the 
former have gone into solution. There is perhaps one 
further complication not mentioned, in that, for Mo and 
V steels, the M,,C, carbide is liable to form, besides M,C, 
particularly for higher Cr contents. 


Dr. R. G. Baker (Cambridge University): The presence 
of ¢-carbide in low-carbon, low-alloy steels has been 
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deduced from a study of the carbides in extractjon 
replicas. The techniques used have included electron 
diffraction, X-ray fluorescence analysis, X-ray diffraction, 
and electron microscopy. When the results obtained 
from these techniques are considered together, there is 
very good evidence for the presence of ¢e-carbide. 

We have studied the tempering of a Ni-Cr, a Ni-Cr- 
Mo, and a Cr-Mo steel,* each containing 0-2% carbon, 
and ¢-carbide was detected after tempering at 400° and 
500° C in all three steels. The electron diffraction patterns 
show very diffuse rings due to e-carbide after tempering 
for short times at 400°C. Further tempering results in 
the appearance of spotty cementite rings which slowly 
become more complete. However, by itself this evidence 
is insufficient since it rests on the measurement of diffuse 
and spotty rings. X-ray fluoresence analysis shows that 
the total amount of carbide changes on tempering, 
increasing by a factor of about five between 4 and 100 
hours at 400° C. Thus, after $h at 400° C the e-carbide 
must be in metastable equilibrium with about 0-15% 
carbon in solution. The chromium and manganese 
contents increase at first during tempering, but reach a 
maximum after about 50h at 400°C (or 2h at 500° C) 
and then decrease. It is difficult to explain these results 
except on the assumption that ¢-carbide is transforming 
to cementite. The initial increase in alloy content is 
thought to be due to replacement by Cr and Mn of the 
Fe in the e-carbide. The subsequent decrease occurs when 
e-carbide is being replaced by cementite, provided that 
the solubility of Cr and Mn in cementite is less than in e- 
carbide at the same temperature. 

The morphological changes observed in the electron 
microscope support the view that ¢-carbide is changing to 
cementite on tempering at 400° and 500° C. The carbide 
plates become gradually thicker and better defined as the 
transformation proceeds. This is in close agreement 
with the experimental observations of Crafts and Lamontt 
in their study of the transformation of e-carbide to 
cementite in low-vanadium steels. 

Smith and Nutting found that, on tempering their 
V-C steel at low temperatures, polygonal grains were 
formed, whilst at higher temperatures the acicular 
grains persisted. If particles of carbide are present in the 
matrix in which the trains are tending to grow, they will 
interact with the grain boundaries and tend to obstruct 
the growth of the grains. It can be shown that it is 
necessary to exert a force on such a boundary to get it 
away from the precipitated particle. With a particle of 
radius r and where the interfacial tension is A, the force 
has to be proportional to r x A to tear away the boun- 
dary from the precipitate. 

In the case of the steel tempered at low temperatures 
the carbides are very small and coherent; thus both the 
interfacial tension and the radius are very small, and the 
force needed to tear the boundary away from the particle 
is also small. In the case of the steel tempered at a higher 
temperature, larger non-coherent carbide particles are 
formed much more quickly at the ferrite grain boundaries 
and these exert a much greater restraint to grain growth. 
This may explain why recrystallization or grain growth is 
observed at low tempering temperatures in this steel and 
not at higher temperatures. 

Dr. K. W. Andrews (United Steel Companies Limited): 
I should also like to congratulate the authors on the 
excellent work they have done in providing us with so 
much evidence about the early stages of tempering in 
low-alloy steels. 

My colleague Dr. Hughes and I have been interested in 





* R. G. BAKER and J. Nutrina: To be published. 
+ W. Crarrs and J. L. Lamont: Trans. A.I.M.E., 
1949, vol. 180, p. 471. 
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Fig. J—Carbon extraction replica from 0-1% C-0-6% 
Mo-0-25%V_ steel, normalized and tempered for 
250 h at 700°C. Deep initial etch x 20,000 


carbide precipitation and reaction processes for "some 
time.* Our main instrument has been X-ray diffraction 
—often of residues separated by electrolysis.; As the 
authors indicate, there is some doubt as to the smallest 
particles which can be satisfactorily separated by such 
techniques. The electron microscope undoubtedly has 
the advantage for the study of the early stages of 
tempering and carbide reaction sequences particularly 
at lower temperatures. Nevertheless there is a consider- 
able region where the two techniques overlap. Given the 
right choice of conditions, it is possible to use electrolytic 
separation followed by X-ray analysis towards the lower 
extreme. We do not think the 5% HCl solution used by 
Seal and Honeycombe is the most suitable for the types 
of steel investigated. For 9%Cr steels we would have 
used ferric chloride solution and for the low-alloy steels a 
sodium citrate—potassium thiocyanate solution. With the 
latter solution we succeeded in isolating e-carbide in a 
steel containing 0-5%Cr and 0-4%C. We have recovered 
fine particles of Mo,C when other electrolytes have 
dissolved them. The recovery of Mo,C in 10 h at 550° C is 
perhaps comparable with Cr,C, in 1 h at 500° C or V,C, in 
lh at 550° C—the earliest times at which Seal and 
Honeycombe found these phases. I should, however, 
agree that reliance cannot be placed on the above X-ray 
results in this region and the results from various 
techniques must be combined. One disadvantage of elec- 
tron diffraction should be noted: the diffraction patterns 
do not lend themselves to the same degree of accuracy in 
interpretation or measurement as X-ray patterns. If 
there are missing lines due to plate or rod formation, or 
patterns are superimposed, confusion is likely to arise. 
Such effects are easier to sort out with X-ray patterns. 
There are a few other points of detail on which I should 
like to comment. One is the solubility of Mo in V,C,; 
Smith and Nutting seem to doubt whether this occurs. 
As Mr. Pickering has stated, we have definite evidence 
that Mo can in fact replace V in V,C;. This derives (a) 
from a correlation between the lattice parameter of the 
carbide and the V and Mo contents of the steel, and (6) 
from X-ray fluorescent analysis of the carbide extracted 





* K. W. ANDREWS and H. Huaues: Iron Steel, 1958, 
vol. 31, No. 2, Feb., pp. 43-50. 
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Fig. K—Same as Fig. J, but with light initial etch 
x 20,000 


from a steel with about $%Mo and 1%V. As Dr. 
Goldschmidt has said, the possibility of nitrogen entering 
into this phase must not be overlooked. One might also 
even add oxygen and vacancies (other than those already 
present at the V,C, composition). Seal and Honeyecombe 
in their second paper suggest that TaC and NbC dissolve 
in this phase and reduce the growth rate of the particles, 
and prior to that have increased the maximum hardness 
due to coherency strains. This is an interesting principle 
and deserves further attention. In a more general way it 
is known that a number of carbide formers together 
usually produce a stronger steel than any of them 
separately (cf. the effects described by Harris and Child in 
a “A Symposium on High-temperature Steels and 
Alloys for Gas Turbines,” Iron Steel Inst. Spec. Rep. No. 
43, pp. 67-80: 1952). Another topic in connection with 
these papers is the use of the tempering parameter 
T(20 +- log t) which is discussed by Drs. Smith and 
Nutting. This is sometimes stated to be derived from 
reaction rate theory although it seems to conform only in 
part to this theory when applied to tempering. When 
applied to creep, the conditions are slightly different and 
it would seem to follow directly from reaction rate 
theory. In the tempering case, the plot of hardness 
against parameter, i.e. the tempering curve, may 
broaden out into a band. In fact, if simple reaction rate 
theory is obeyed, the single curve 7'(C + log t)/hardness 
will only be followed for points at one temperature. In 
fact for a given hardness T(C + logt)= B+ BT, 
where, at that hardness level, B is a constant and D 
another constant which approaches zero in the case 
where a single curve appears. This relationship would 
account for the points shown in Fig. 24 by Smith and 
Nutting and, for example, if the 650°C points are 
‘corrected’ to bring them into the 600°C curve the 
same constants would bring the other points on. There 
is, however, still some doubt as to the precise meaning of 
the tempering parameter and how it should be used. In 
spite of this, we have found the parameter useful. Thus, 
in one series of steels it brought out relationships which 
would have needed a great deal more data to establish. 
The parameter values for the disappearance of Fe,C and 
for the appearance of M,C respectively decreased in a 
regular manner as the Mo content increased. 

Finally I should like to refer to the occurrence of 
hexagonal carbide phases such as e—Fe,C and Mo,C. 
These two may be regarded as being near the lower end 
and upper end respectively of a whole range of inter- 
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tallic phases of the general formula M,X where M is 
the metal atom and X the interstitial, C or N. Various 
members of this series and solid solutions can occur in a 
variety of steels. The V,C carbide mentioned by Dr. 
Goldschmidt is one member of this class of compounds. 
They are based on a h.c.p. arrangement of metal ions 
(with interstitial C or N). Although the 2:1 ratio is often 
found, the ratio of metal atoms to non-metal may depart 
from it in some cases. The cubic carbides and nitrides are 
analogous, being based on the corresponding cubic close- 
packing of metal atoms. One might therefore expect 
e-carbide to be stabilized by elements such as Cr, Mo, and 
V, although it does not follow that complete solid 
solutions exist. It seemed that the molybdenum-rich 
carbide also appears later on at higher temperatures 
whereas the e-carbide has been replaced by Fe,C in 
some steels. It would be interesting to know whether, in 
the complete absence of Cr or other alloy elements, the 
direct enrichment of e-carbide by Mo can be brought 
about, so that the formation of cementite is prevented 
and hardening due to e-carbide retained as long as 
possible, 

Mr. F. G. Haynes (Mond Nickel Co., Ltd.): I should like 
to describe some work at Metropolitan-Vickers, with 
which I was formerly associated, where a 0-1%C-0-6% 
Mo-0-25%V steel was examined in the tempered condi- 
tion after normalizing. Initially the methods which 
Smith and Nutting describe were used to prepare carbon 
extraction replicas, and Fig. J shows the sort of results 
obtained: a cloud of precipitate of no regular orientation. 

We felt very dissatisfied with this, feeling strongly 
that there should be a regular pattern in the precipitate, 
and so we started to investigate the method of preparing 
these carbon extraction replicas. It was postulated that 
the initial etch was perhaps much too deep, so that fine 
carbides were being released by the action of that etch 
and were lying about loosely on the surface and not 
being removed by the cleaning techniques applied. In 
common with other workers, we put a Formvar film on 
and stripped it off before applying the carbon film, in the 
hope that this removed loose material; but by examining 
a succession of these cleaning replicas we found that we 
had loose material left even after several such cleaning 
procedures. 

We did a series of experiments with very short etching 
times and from these arrived at the use of 0-1% nital for 
times of the order of 5-15s. Figure K shows the same 
specimen prepared in this way, and it can be seen at 


Fig. L—Tempered jh at 700°C. Light initial etch 


x 200,000 
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once that there are apparently far fewer carbides, while 
those that are there appear to be in fairly regular 
orientation. There are one or two misfits, but this is 
inevitable; mostly they are correct. 

Both these pictures were produced from a specimen 
tempered for 250h at 700°C. We obtained the flat, 
plate-like carbides which Mr. Pickering has described, 
and this made us favour the plate rather than the needle 
school of thought. We then applied this technique to 
earlier stages of tempering, and Fig. L shows the structure 
obtained from a specimen which had had only }h 
tempering at 700°C. The magnification of ~« 200,000 
shows very convincingly that even at this early stage of 
precipitation there is a regular Widmanstatten pattern 
and that the carbides are coming down as fairly sharp- 
cornered square plates. In view of the suggestion in one 
of the papers about the ellipsoid shape of the precipitate 
in its initial stages, we should very much appreciate the 
authors’ comments on these observations. 


Dr. D. McLean (National Physical Laboratory): Any- 
one who has looked at high-power electron micrographs 
of alloy steels cannot fail to be impressed by the extra- 
ordinary variety of shapes of particles which are seen. A 
question which presents itself is whether the shape of the 
particle has any effect on the properties of the steel. I 
think that it does. Given a certain total volume of 
particles, if these are in the form of rods or plates then a 
dislocation will intercept more than if they have a more 
equiaxed shape. I think that this is fairly clear in- 
tuitively, and arithmetical analysis supports this con- 
clusion. Disc and rod-shaped particles therefore stop slip 
more efficiently than do particles of other shapes. If the 
particles are surrounded by a region of strained matrix, 
rods in particular are still more advantageous, because 
the volume of strained matrix to the volume of particle is 


bigger for a rod than for any other shape of particle; and 
so, considering particle shape alone—and, of course, other 
factors are also important—a structure to aim at is a 
matrix containing coherent rod-shaped particles. 


Dr. B. A. Bilby (Sheffield University): Professor 
Honeycombe has shown that additions of tantalum and 
niobium have a pronounced retarding effect on the 
growth of the V,C, particles, and has suggested that these 
additions may have some effect on the diffusion rate. 
Another possibility has been examined in some work 
by Hillert on the rates of graphitization of steel which 
are retarded by molybdenum additions, and I think 
that we should bear in mind that a similar effect may be 
important here. The idea is that if the particle which 
is trying to grow is causing volume expansion, one way in 
which this expansion can occur is by deformation of the 
matrix. If these tantalum or niobium additions are made, 
they presumably harden the matrix, because the creep 
resistance is greatly increased, so that it may be that 
the growth of the particles is partly controlled by the 
increased resistance to deformation of the surrounding 
matrix, which is caused by the formation of the very 
finely dispersed carbides, or, in the case where only 
0-05%Ta was added, perhaps by the effect of tantalum 
in solid solution. 


Mr. A. P, T. Taylor-Gill (Edgar Allen and Co., Ltd.): I 
am much concerned with the practical application of 
modern physical metallurgical thought to the heat- 
treatment of high-alloy tool steels. Although I apply 
such practical yardsticks as estimation of the proportion 
of carbides remaining out of solution after austenitizing 
exposures conducive to maximum solution at minimum 
grain growth, together with practical study of the 
transformation response in terms of structure, hardness, 
and size, I have always wanted some accurate means of 
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Table I 
ELECTRON DIFFRACTION MEASUREMENTS 


Selected-area Diffraction Patterns at 80 kV, Philips 
E.M., Carbon Extraction Replica of Steel tempered 
1 h at 700° C: Lattice spacings, A 
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measuring the degree of diffusion of alloys and alloy 
carbides in austenite which has actually taken place for 
any combination of time and temperature during austeni- 
tizing. 

Dr. Nutting has spoken of the possibilities of micro- 
analysis by electron diffraction. Could this method be 
applied to give the information I require, as this might 
prove very helpful in assessing and controlling the 
hardenability of high-alloy tool steels. 


Dr. E. Smith (Department of Mines and Technical 
Surveys, Ottawa): In their X-ray analysis of carbides 
from steels containing Cr and V, Shaw and Quarrell* do 
not report the presence of vanadium carbide in a steel 
containing 0-21%C, 9-161%Cr, 0-93%V. If VC, 
were present as a very fine precipitate, their methods 
may not have been able to detect it. Alternatively, after 
the long tempering times used by Shaw and Quarrell 
(500-2000 h) at 700° C, the equilibrium may favour the 
existence of only chromium carbide. 

The authors, who have used the results of Shaw and 
Quarrell as a basis for their investigation of the effects 
of vanadium on a 9%Cr—0-2%C steel, do not report the 
presence of vanadium carbide in the early stages of 
tempering, although increasing the amount of vanadium 
produces an increase in secondary hardening. 

I have examined, by electron microscopy and electron 
diffraction, specimens of a vacuum-melted steel of 
composition 0-2%C, 9%Cr, 1%V. The specimens were 
quenched into oil from 1200°C. The quenched speci- 
mens contained about 30% of retained austenite. 

Electron diffraction patterns obtained from carbon 
extraction replicas of a specimen tempered for 1h at 
700° C, showed the presence of vanadium carbide (see 
Table I). Selected-area electron diffraction at 80kV 
showed that the former retained austenite areas con- 
tained chiefly V,C, with very little Cr,C,. The carbides 
of the former martensite were Cr,C, and V,C,. The 
Cr,C, was predominant but the rings of the V,C, were the 
less spotty, indicating that the V,C, had the smaller 
particle size. 

Microhardness measurement showed that the ferrite 
gave a greater degree of secondary hardening than. the 
former retained austenite. 





* S. W. K. SHaw and A. G. QUARRELL: J.J.S.J., 1957, 
vol. 185, pp. 10-22. 
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Since vanadium carbide has been detected as a very 
fine precipitate in this steel, which is similar to the 
authors’ steel D (0-22%C, 8-99%Cr, 0-97%V), it 
appears probable that the precipitation of V,C, rather 
than Cr,C;, with vanadium replacing chromium, is 
responsible for the secondary hardening observed when 
vanadium is added to a 9%Cr steel. 


AUTHORS’ REPLIES 


Professor Honeycombe: In 9%Cr steels containing up 
to 1%V, tem in the secondary hardening range 
500-550° C, we did not detect V,C,;, a finding which Mr. 
Pickering has confirmed. However, we certainly do not 
exclude the possibility of V,C,; forming at higher tempera- 
tures. Our steels were water-quenched to produce an 
almost fully martensitic condition, while Dr. Smith’s steel 
had 30% retained austenite in which V,C, predominantly 
precipitated at 700°C. The fact that he also observed 
some V,C; in the martensitic regions after tempering 
at this temperature is by no means conclusive proof that 
V,C, is responsible for a secondary hardening effect in the 
range 500-550° C. In this temperature range, with high- 
chromium steels, chromium appears to diffuse more 
rapidly in ferrite than does vanadium, as the formation 
of Cr,C, after as little as 1 hour at 500° C suggests. We 
think that V,C, cannot form as rapidly, and that the 
vanadium is primarily in solid solution in the Cr,(C;. 
However, if the chromium content of the steel is markedly 
lowered, then V,C, formation does occur as Shaw and 
Quarrell and Nutting have shown. 

In reply to Dr. Goldschmidt, we have not investigated 
very short tempering times (< 1 hour) at 700° C, and so 
cannot say whether Fe,C forms first or not. I think that 
at this temperature, diffusion rates are becoming so rapid 
that alloy carbides will probably form directly from the 
ferrite. I agree that the early stages of precipitation 
should be studied but preferably at lower temperatures 
than 700°C, when pre-precipitation effects would be 
more pronounced. Single crystal work would certainly be 
more conclusive in this respect but the difficulties in 
ferritic steels are formidable. We hope soon to study 
precipitation in single crystals of Cr—Ni austenites, as 
these alloys are more amenable to single crystal growth. 

We are of the opinion that chromium carbide forma- 
tion and cementite disappearance are partly inter- 
related as there seems to be good evidence for the forma- 
tion of Cr,C, in situ at Fe,C particles. Nevertheless the 
martensitic grain boundaries are preferred regions for the 
early formation of Cr,C,, possibly due to the retention 
of a thin austenite layer in these regions. We agree 
that the iron carbide must go back into solution to 
provide carbon for the alloy carbide, for this is thermo- 
dynamically more stable, but can only form at higher 
temperatures when the increased rates of diffusion 
accelerate the approach to equilibrium. 

There are undoubtedly changes in lattice parameter 
during the formation of the alloy carbides as the earlier 
work of Shaw and Quarrell has shown. In some cases 
there was evidence in our work of the formation of inter- 
mediate structures, but this question needs much more 
thorough examination. 

While I would agree with Dr. Goldschmidt that the 
carbide~carbide in situ transformation is fundamentally 
important, I do not think it is as significant as the 
matrix—carbide precipitation as far as the mechanical 
properties of the steels are concerned. These properties 
depend on the readiness with which plastic flow occurs in 
the matrix, and the primary barriers to dislocation 
movement are the particles of carbide forming from the 
matrix. The maximum effect is dependent on several 
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factors; we have referred to coherency stresses while Dr. 
McLean has underlined the role of particle shape. Dr. 
Bilby has referred to the deformation of the matrix by the 
growing carbide particles, and it must be admitted that 
in this phenomenon an in situ transformation could give 
rise to an increase in volume which would influence the 
mechanical properties. 

I agree with Dr. Goldschmidt that there is some loose- 
ness in the usage of carbide formule and that not enough 
attention has been paid to the question of lattice 
defects. It is to be hoped that the newer physical methods 
will soon give us more detailed information on the com- 
positions of various carbides at an early stage of the 
precipitation process. 

We expected niobium and tantalum carbides to 
precipitate as one solid solution with vanadium carbide, 
but in our paper we indicated that although some solid 
solution took place, a separate Ta or Nb-rich carbide 
phase was frequently detected. However, with very 
small additions, about 0-05%Ta, this phase was not 
detected. 

There has been some discussion on whether molyb- 
denum and vanadium carbides in their initial stage of 
precipitation are rods, plates, or ellipsoids. My own 
feeling is that rods form first and grow into plates. Mr. 
Haynes’ evidence relates to a steel tempered 15 min at 
700° C which I consider to be in a rather advance stage of 
ageing. Further evidence is needed, preferably by 
direct observation of thin foils which have been tempered 
in the range 500-—600° C. 


Dr. J. Nutting: With reference to Mr. Pickering’s 
comments, a further morphological point in deciding 
whether one has e-carbide or cementite is that by doing 
selected-area diffraction one comes to the conclusion 
that cementite, if it is formed initially, is usually at the 
grain boundaries of the ferrite, whilst «-carbide formed 
initially is a Widmanstitten precipitate in the grains. 
But at a later stage in the tempering one can get 
Widmanstitten precipitation of cementite, thus the 
transformation from ¢-carbide to cementite is a mono- 
tropic one; it takes place in situ. 

I agree with Mr. Pickering that molybdenum can go 
into solution in V,C,. We have now examined a steel of 
higher molybdenum content than any used previously 
and found evidence that the lattice parameter of the 
V,C, is changing. We think this is evidence for 
molybdenum going into solution with V,C;,. 

We agree with Dr. Goldschmidt that the V,C, lattice is 
probably not perfect, and it has been shown that by using 
selected-area diffraction techniques on the V,C, in the 
ferrite grains one can get very peculiar streaking on some 
of the diffraction patterns. We believe that this comes 
from a superlattice defect of the type that Dr. 
Goldschmidt postulates. 

With regard to the shape of the particles, Mr. Haynes 
suggested that there were clearly defined plates, but that 
was a case of tempering at 700° C: we are considering a 
very much earlier stage, when the vanadium carbide 
forms at 500°C. From other work we believe that 
plates can form at 500° C, and we can get changes in 
the diffraction pattern which we can interpret as changes 
of shape of the particles. We still think, however, that 
the carbon replica method is not very good in these 
early stages, and we hope to be able to give a more 
definite answer on the actual shape of the particles from 
the results of examining the thin films of the steel 
directly in the electron microscope. 

In answer to Mr. Taylor-Gill it may be possible, by 
using the techniques of micro-fluorescene analysis or 
electron-probe analysis, to determine local concentration 
gradients in austenite. 
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This discussion was based on the paper by B. E. 
Hopkins and H. R. Tipler entitled “ The Effect of 
Phosphorus on the Tensile and Notch-impact Properties 
of High-purity Iron and Iron—Carbon Alloys,” which 
appeared in the March, 1958, issue of the Journal 
(vol. 188, pp. 218-236). Mr. B. E. Hopkins (National 
Physical Laboratory) presented the papur. 


Dr. B. Cina (Brown-Firth Research Laboratories): As 
the problem of temper embrittlement can sometimes be 
serious in low-alloy steels, and as phosphorus has been 
suspected of being the main culprit, or at least a strong 
accessory after the fact, any work claiming to throw light 
on this deserves careful study. 

However, there are certain features in the present 
results which one cannot easily reconcile with the known 
phenomena in temper-embrittled steels. Thus, while in 
plain Fe-P alloys it seems that the intergranular fractures 
occurred in the ferrite grain boundaries, the brittle 
intergranular fractures observed in temper-embrittled 
low-alloy steels occur in the prior austenite grain 
boundaries. Would the authors confirm whether all the 
intergranular failures observed in their Fe—P alloys 
occurred along the ferrite grain boundaries? 

Secondly, the range of temper embrittlement in steels 
is approximately 350-600°C, whereas the range for 
embrittlement in the plain Fe—P alloys was, for some of 
the alloys, 600-800° or 600-1000° C. Thus we have a 
situation in which a temper-embrittled steel would be 
cured of its embrittlement by treatment at 700° C, the 
temperature at which the maximum embrittlement was 
obtained in the Fe—P alloys. Conversely, an Fe—P alloy 
embrittled by cooling through the critical range of 
600-—800° C could be cured of its embrittlement by further 
slow cooling below 600° C, where temper embrittlement 
would be obtained in low-alloy steel. 

In dealing with a possible mechanism for the isothermal 
embrittlement of the plain Fe-P alloy, the authors 
invoke the idea of greater solute segregation to grain 
boundaries within the critical range of temperature 
than at higher temperatures. But that cannot easily be 
reconciled with the results of the athermal treatments, 
where it was found that a greater extent of embrittle- 
ment was obtained after quenching than after slow 
cooling from a temperature above the critical range. 

It was found that the addition of carbon tended to 
prevent intergranular failures. Now, the higher- 
phosphorus alloys in the Fe-P series would have been 
largely ferritic at 950°C, while the corresponding 
Fe-P-C alloys would have been largely austenitic. Can 
the effect of carbon in preventing intergranular failure 
be due to the different structures obtaining in the two 
series of alloys at 950°C? This would mean either that 
phosphorus segregates less readily to austenite than to 
ferrite grain boundaries, or that carbon prevents segrega- 
tion of phosphorus to austenite grain boundaries. 

In the Fe-P-C series of alloys, embrittlement was 
found to be less rapid at 600° than at 500° C. Was it also 
less rapid at 700° than at 500° C? If so, this would mean 
that carbon was preventing segregation of phosphorus to 
ferrite grain boundaries at 700° C, since plain Fe—P alloys 
embrittle rapidly at those temperatures. It would also 
mean that carbon was encouraging segregation of 
phosphorus to ferrite grain boundaries at 500°C. Such 
divergent roles for carbon require explanation. 

Finally, one thing that clearly emerges from the 
authors’ work is that the effect of an alloying element on 
the mechanical properties of iron may not necessarily be 
the same when added singly and when added in the 
presence of other alloying elements. It is hoped that 
the authors will continue their investigations, particu- 
larly on the latter lines. 
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Mr. G. Burns (Department of Engineering and Materials 
Research, The Admiralty): I found the brittle inter- 
granular fractures which the authors have developed in 
the phosphorus alloys interesting because I had seen 
some years ago some work by 8. H. Rees which was 
published in the Journal in 1934. He was determining the 
mechanical properties of a very low carbon, high-phos- 
phorus iron with practically no manganese. As air-cooled 
from 1000° C, that particular steel broke in a tensile test 
at room temperature at a stress of just under 30 tons/in’, 
which one might expect, with about 6% elongation. 
Water-quenched from 1000° C, it broke at an extremely 
low stress, rather less than 13 tons/in*, with no measurable 
elongation. In fact, that particular test-piece broke in 
two places simultaneously. As I remember the fractures 
now, they were coarsely granular fractures looking very 
much like the type that the authors got in their Fe—P 
alloys, but in this case with some carbon present and at 
room temperature and not at a very low temperature. 

The suggestion that the intergranular brittleness 
developed in these alloys is in some way akin to temper 
embrittlement, and the finding that this embrittlement 
occurs in so short a time, interested me, because some 
years ago a colleague and I did a few rather rough tests 
to find out how long it would take a temper-embrittled 
steel to be restored to its tough condition. This was a 
Ni-Cr steel oil-hardened and tempered at 625°C and 
slowly cooled to get full embrittlement. We then took 
notched test-pieces, reheated to 600° C in a salt bath for 
varying lengths of time, quenched, and tested. We found 
that the time required to restore the material to full 
toughness was just under one minute, including the 
period of heating in the salt bath; so going from the 
brittle to the tough condition in our experiments took 
almost exactly the same time as to go from the tough to 
the brittle condition in the authors’ experiments. 

The microstructures in the paper interested me. 
Some of them were very reminiscent of effects that I 
have seen in low-carbon steels which have been quenched 
between Ac, and Acs, as does happen in the core of 
case-hardened articles. I remember that in 1944 Mr. 
Schofield described structures of this sort in a 
number of steels, and in the discussion on that paper Mr. 
Comstock said that he had noticed similar structures in 
the past and always ascribed them to the presence of 
phosphorus in the materials; so we have again a link. 

One thing that I want to ask the authors is whether 
they had any more direct evidence of this phosphorus 
segregation to grain boundaries. I gathered from Mr. 
Hopkins’ introduction that they have not. But from a 
conversation I thought they had been tackling this by 
another technique, and I wondered whether they had had 
any luck with it. 


Professor R. W. K. Honeycombe (Sheffield University): 
I agree that the surface energies of the boundaries are 
lowered by the migration to them of phosphorus. How- 
ever, it appears that the enriched layer is of appreciable 
thickness, rather thicker than we might anticipate in 
terms of equilibrium segregation. It is difficult to see 
why, in the presence of such high phosphorus concentra- 
tions, precipitation of a second phase should not occur. 
In other comparable cases, there is evidence of such a 
second phase resulting from the segregation of alloying 
elements. 

We have examined cast Ni-Cr steels (e.g. 4%Ni, 
1-4%Cr, 0-2%C) which show intergranular embrittle- 
ment particularly on annealing the cast steel in the 
vicinity of 600° C. Mr. I. 8S. Brammar has taken carbon 
extraction replicas from the fracture surfaces which have 
revealed the presence of very thin plate-like precipitates 
of manganese sulphide. ‘These precipitates may vary in 
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Fig. A—Carbon replica from intergranular fracture 
a cast Ni-Cr steel 


length from 1 to 200; a typical example is shown in 
Fig. A, but they are only about 1000 A thick so they 
are difficult to detect in sections through grain boun- 
daries. It seems quite likely that the fracture was 
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initiated by these plate-like particles which were found 
to be very brittle. 

I am not saying that similar precipitates occur in 
high purity Fe—P alloys, but it is a possibility which 
should be borne in mind. We have examined fractured 
specimens from the National Physical Laboratory with 
negative results so far, but there is the difficulty that a 
precipitate may dissolve preferentially in the etchant 
used to detach the replicas. 


A second point which I would like to raise is that the 
brittleness in Fe-P alloys develops particularly on re- 
heating air-cooled material to about 600° C. Why then 
did not the brittleness develop during the original air- 
cooling? One would assume that the material had spent 
sufficient time in the vicinity of 600° C for the embrittling 
reaction to take place. It may have disappeared in 
passing through the lower temperature range, but it is 
difficult to see why equilibrium segregation of phosphorus 
should fluctuate in the range 600° C to room temperature. 

Dr. M. C. Inman (National Physical Laboratory): In 
reply to Mr. Burns, some typical results obtained by the 
radioactive tracer technique for the detection of grain- 
boundary segregation of phosphorus in the alloys under 
discussion are shown in Fig. B, which illustrates the 
high phosphorus content of two ‘ mirror image’ grain- 
boundary fracture surfaces. The excess phosphorus, 
which appears to be almost wholly concentrated in a 
grain-boundary surface layer about 200A thick, is 
equivalent to between 2 and 20 monolayers of the pure 
element at the grain-boundary surface. Since an ‘ equili- 
brium segregation’ should not exceed a maximum of 
about one monolayer, it seems likely that a large part of 
the observed segregation is due to the presence of phos- 
phorus-rich precipitates at the grain boundaries. 

An examination of the grain-boundary fracture 
surfaces with the electron microscope, using a carbon 
extraction replica technique, shows the presence of a 
large number of ‘dome’ structures on these surfaces. A 
picture of the domes as seen in profile is reproduced in 
Fig. C. Although no precipitate has yet been extracted 
inside these structures, we believe them to be the outline 
shape of a precipitate because they appear in opposition 
orientation (up and down) on the same replica. 

Professor Honeycombe raised the question of recovery 
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of the alloys when quenched from temperatures below 
about 500° C. We could find no evidence of a diminution 
of phosphorus segregation at the grain boundaries as the 
quench temperature was reduced from 700° to 400° C, 
which is the behaviour one would expect if the pheno- 
menon was purely ‘ equilibrium segregation.’ However, 
in view of the possibility that a phosphorus-bearing 
precipitate is also present, the recovery of mechanical 
properties may be connected with a change in the form of 
such a precipitate or possibly with the growth of the 
precipitate at the expense of a segregated monolayer of 
phosphorus as the quench temperature is reduced. 


Mr. J. H. Gittus (Mond Nickel Co. Ltd.): I have made 
some studies of temper embrittlement and the so-called 
recovery phenomenon in fully ferritic s.g. cast iron. The 
aim was to lower the impact transition temperature of 
the material without decreasing its hardness. The 
material was in one of two forms: it had either been 
slowly cooled during a period of 24 h from 700° C, which 
is the annealing temperature, to room temperature, or it 
had been water-quenched from the annealing temperature 
to room temperature. Equal numbers of specimens in 
these two initial conditions were subjected to isothermal 
heat-treatments at temperatures between 250° and 
650° C, followed in every case by water quenching. 

In the water-quenched specimens, embrittlement 
started earliest and proceeded most rapidly at 450° C. 
However, at 350°C the onset of embrittlement was 
preceded by a period in which toughening occurred. 
Further heating at this temperature of 350°C caused 
embrittlement, the process merely being delayed by the 
prior toughening reaction. In the specimens which were 
slow-cooled, the toughening reaction was absent and 
embrittlement proceeded throughout the temperature 
range under investigation, once more being most pro- 
nounced at 450° C. 

The explanation of this phenomenon is that there are 
two processes operating during the cooling of this 
material: temper embrittlement and temper toughening. 
A specimen which has been slow-cooled from 700° C 
before being isothermally treated has passed through 
both temperature ranges. As it passed through the 
upper temperature range in the vicinity of 450°C it 
was embrittled. Subsequently, and at a lower tempera- 
ture, it was toughened. The toughening reaction is not 
nearly as marked as the embrittlement, suggesting that 
in the slow-cooled specimens sufficient time was available 
in the vicinity of 350° C for the toughening to go to 
completion so that subsequent isothermal treatment in 
the toughening temperature range produced no further 
toughening. Accordingly, the process of embrittlement 
proceeded unchecked since this reaction, being more 
protracted and pronounced, had not achieved completion 
during the slow-cooling operation. 

On this hypothesis, unless the materials are already 
fundamentally embrittled before the heat-treatment 
cycles are started, it would appear that there are two 
separate reactions which do not necessarily involve the 
same mechanism. 


Dr. D. McLean (National Physical Laboratory): I 
should like to comment on Professor Honeycombe’s 
remarks about precipitation in the grain boundaries. 
If a precipitate forms in equilibrium with a segregation 
in the boundary which itself is in equilibrium with 
the grain interior, then the precipitation is also in 
equilibrium with the interior. Therefore, precipitation of 
an equilibrium phase cannot occur until the grain itself 
is saturated. According to the literature, in the Fe—P 
system this requires 1%P at 600° C, whereas the alloys 
under discussion contained only about one-tenth this 
amount. 
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Mr. A. M. Sage (Union Carbide Ltd.): The authors 
compare the results obtained with the Fe-P alloys with 
those obtained earlier with Fe-N alloys. They may be 
interested in some results I obtained at B.I.S.R.A. on 
Fe—C—N-Mn alloys which may be compared with their 
Fe-C-P alloys. I found that increasing the nitrogen 
content from 0-002% to 0-016% in an alloy containing 
0-17%C, 0-8%Mn air-cooled from 880°C raised the 
U.T.S. from 25 to 35 tons/in*, the yield point from 15 to 
25 tons/in®, and reduced the elongation and reduction in 
area at 20°C; but at—192°C variations in nitrogen 
had little effect on the tensile properties. Thus the 
effects of phosphorous and nitrogen on the tensile proper- 
ties appear to be similar. 

We also found that the Charpy V-notch transition 
temperature was not significantly affected by nitrogen 
when the 20 ft-lb value was used as the transition- 
temperature criterion. When other criteria were adopted, 
such as 40 ft-lb, 50% crystallinity, 50% initial fibrous 
fracture, which are more comparable with the criteria 
which the authors have used, quite a large rise in transi- 
tion temperature was observed. The addition of 0-010% 
N, for example, raised the 25% fibrous-fracture transition 
temperature 30° C. The reason for this rise in transition 
temperature when using these criteria was due to a 
progressive gradual broadening of the transition tem- 
perature range. Presumably the authors did not observe 
that broadening in the transition range with increase in 
phosphorus content. What are their comments on this? 
I would also like to know the type of fracture they 
observed in the fractured impact specimens. 

My other point is prompted by Mr. Hopkins’ introduc- 
tory remarks. He suggested that the reason why one did 
not get embrittlement in isothermal treatment of the 
alloys containing carbon was that the carbon got to the 
grain boundaries first. I think I suggested this as a 
possible explanation for the influence of molybdenum 
in preventing temper brittleness in the discussion of a 
paper by Woodfine in 1954. At that time I suggested 
that segregation of the manganese and chromium atoms 
occurred at the austenitic grain boundaries and subse- 
quently, during the temper-embrittling heat-treatment, 
atoms diffused to the ferrite grain boundaries, some of 
which were common with the austenite boundaries, I 
wonder whether this explanation would fit the apparent 
anomalies which have been referred to. 

Mr. G. M. Boyd (Lioyds Register of Shipping): Some of 
the fractures have been of the intergranular and some of 
the cleavage type. Could the authors give some clue as 
to the causes of the discrimination between the two types 
of fracture, bearing in mind that most of the fractures 
that occur in ordinary commercial types of steels in the 
brittle condition are of the transgranular type? 

I should also be grateful if they would give their 
definition of the transition temperature. I believe that 
they have stated this in some earlier papers, but I think it 
would be useful to have it in this context. 

The other remark that I wish to make is a general one. 
This work on the alloying elements in pure iron arose 
from a suggestion by Sir Andrew McCance at a con- 
ference in Cambridge in 1945. Since then we have had a 
series of extremely interesting papers from the N.P.L. 
group, and on each occasion the question has been 
asked, either in private or in public: what connection has 
work of this sort with practical steelmaking and com- 
mercial steel? I think that that is a question that should 
not be asked of the authors. They are doing an excellent 
piece of controlled scientific work, but there is scope for 
some sort of liaison officer to interpret their results in 
terms of practical steelmaking. 

It interested me very much to see that the carbon had 
a tendency to cancel the evil effecis of phosphorus. As a 
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non-metallurgist, it has surprised me that if you put 
something into steel and it does harm, you can put 
something else in and cancel that harm. For instance, I 
am told that aluminium cancels the evil effects of 
nitrogen. I wonder whether the presence of many 


different substances tending to cancel each other could 
account for the behaviour of commercial steel being 
different from that of high-purity alloys. 


AUTHORS’ WRITTEN REPLY 


The Authors wrote: Dr. Cina has remarked on some of 
the differences discussed in the paper between the 
characteristics of intergranular brittleness in Fe—P alloys 
and those of temper brittleness in commercial steels. In 
view of the differences in composition, it is not surprising 
that the range of temperature in which embrittlement 
occurs does not coincide in the two types of material. In 
particular, we should like to emphasize the pronounced 
influence of carbon in shifting the temperature range of 
embrittlement, and altering the rate and attainable 
degree of embrittlement of Fe-P alloys until they con- 
form closely with those of temper brittleness. 

It has for some time been accepted that with normal 
temper-embrittlement (lower-nose embrittlement as 
distinct from the upper-nose embrittlement of Libsch and 
co-workers,? 2» § and Jaffe and Buffum‘), brittle fracture 
occurs predominantly along the prior austenite grain 
boundaries. In the Fe-P alloys, it is probable that a 
substantial proportion of the ferrite grain boundaries 
were previously austenite grain boundaries, particularly 
at the slower rates of cooling from the austenitic region. 
But the observation that the prior austenite grain 
boundaries are mainly concerned in the fracture of 
temper-embrittled steel does not necessarily imply that 
some change was brought about at these boundaries while 
the material was in the austenitic condition, as seems to 
be assumed by Mr. Sage in some of his remarks. Temper 
brittleness has usually been investigated in steels 
having a structure of tempered martensite, and for such 
a condition one would expect a general difference between 
prior austenite and newly formed ferrite grain boun- 
daries arising from the mode of formation of the marten- 
site. The orientation relationship between adjacent 
grains of ferrite separated by a newly formed grain 
boundary would be expected to make this boundary a 
less favourable region for segregation of solute atoms, or 
even precipitation, than the prior austenite grain 
boundaries separating regions bearing no crystallographic 
relation to each other. 

There is no evidence in our work of a direct effect of 
lattice type on tendency to embrittlement such as would 
be shown up by isothermal treatments in the ferritic and 
austenitic regions, although there may be an indirect 
effect if substantial grain refinement occurs on going 
through the transformation a — y for treatment in the 
y-range. Thus the 0-31%P alloy, for example, is 
seriously embrittled by isothermal treatment at 1000° 
and 1100° C where it is largely austenitic. It does not 
appear, therefore, that the influence of carbon on the 
embrittlement of the Fe—P alloys could be explained on 
these lines. The evidence indicates that embrittlement 
occurs in the Fe—P-C alloys at temperatures around 
500° C in the ferritic range. 

Most of the binary Fe—P alloys were not obtained in a 
condition completely free from embrittlement, the 
test-pieces having a comparatively high brittle fracture 
stress at — 196° C still breaking partly along the grain 
boundaries. The extent of this ‘ residual ’ embrittlement 
was probably not less than the maximum embrittlement 
obtainable in the Fe—P-C alloys by isothermal treatment 
at 500°C. Consequently we do not think there is any 
evidence that carbon encourages segregation of phos- 
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phorus at 500° C while inhibiting it at higher tempera- 
tures, as Dr. Cina suggests. 

Both Professor Honeycombe and Dr. Cina refer to the 
recovery from embrittlement on cooling at different 
rates from 950° C. The effect of this type of treatment 
depends on the degree of embrittlement at 950° C, and 
the extent to which this is modified by cooling at different 
rates through the generally more severe embrittlement 
range at somewhat lower temperatures, and the recovery 
range at still lower temperatures. It does not appear that 
this is any more difficult to explain in terms of grain- 
boundary segregation than of precipitation. 

The information given by Mr. Burns on embrittlement 
of low-C, high-P, low-Mn iron, and the very rapid 
recovery from embrittlement in a Ni-Cr steel by heating 
at a high tempering temperature is interesting. Similar 
results on recovery from temper brittleness have been 
given recently by Bhat and Libsch.* 

Whilst we would agree with Dr. Inman that it is 
possible that the concentration of phosphorus at grain 
boundaries found experimentally might be at least 
partly accounted for by a precipitate, this has yet to be 
proved. Low grain-boundary strength is obtained in 
material freshly quenched from the embrittling tempera- 
ture, so that it would be desirable to demonstrate the 
presence of a precipitate in this condition to avoid 
possible confusion due to ageing effects at room tempera- 
ture. The traces of carbon present in the Fe—P alloys are 
sufficient to give ageing over a period at room temperature, 
and precipitation of carbide under these conditions has 
been demonstrated. 

The observations of Mr. Gittus on temper brittleness in 
ferritic spheroidal graphite cast iron are of considerable 
interest because, although the embrittlement characteris- 
tics are so similar to those in steel that the phenomenon 
seems to be essentially the same in the two types of 
material, in cast iron there is the additional feature of 
recovery, which provides a link with the results on 
Fe-P alloys, as mentioned in the paper. However, we 
wonder whether the introduction of the term temper- 
toughening for recovery, or the reverse reaction to 
temper embrittlement, is desirable at this stage. 

In reply to Mr. Sage, there was no marked broadening 
of the transition range in the Charpy impact test on in- 
creasing the phosphorus content up to 0-15%. Even with 
the 0-31%P alloy, the transition was largely spanned in 
10-15° C. The effect of phosphorus on the transition 
temperature cannot, therefore, be accounted for in this 
way, as in the interesting results he presented for the 
effect of nitrogen in Fe—C—Mn alloys. 

With regard to Mr. Boyd’s remarks, phenomenologic- 
ally, the choice of grain boundaries or cleavage planes 
for the course of a brittle fracture is governed by the 
relative values of the grain-boundary and cleavage 
strengths. From the metallurgical viewpoint, and without 
going into detail, it is considered that a reduction of the 
intergranular strength to below that of the cleavage 
strength could arise from the effect of solute atoms (or 
precipitates) on the surface energy. Finally, we should 
say that the question of interaction between various 
elements is a very large one. The investigation of some 
of these effects has been one of our objectives over a 
period of years. 


References 


1. J. F. Lisson, A. E. Powers, and G. Bat: Trans. 
A.S.M., 1952, vol. 44, pp. 1058-1068. 

2. G. Buat and J. F. Lisscu: Trans. A.J.M.E., 1955, 
vol. 203, pp. 330-335. 

8. G. Buat and J. F. Lisson: Ibid., 1957, vol. 209, 


p. 20. ; 
4. L. D. Jarre and D. C. Burrum: Ibid., 1957, vol. 209, 
p. 8 


NOVEMBER, 1958 





DISCUSSION ON LOW-CARBON BAINITIC STEELS 


This discussion was based on the following papers (the 
dates of publication in the Journal are given in paren- 
theses): 


“ Low-carbon Bainitic Steels,” by K. J. Irvine and 
F. B. Pickering (1957, vol. 187, Dee., pp. 292- 
309). 

“The Metallography of Low-carbon Bainitic Steels,” 
by K. J. Irvine and F. B. Pickering (1958, vol. 
188, Feb., pp. 101-112). 

Both authors took part in the presentation of the 

papers. 


Dr. N. P. Allen (National Physical Laboratory): These 
two papers, reporting the planned development of a 
practicable bainitic steel, are of great importance, and 
also of great interest in demonstrating the vicissitudes 
through which a technological development may pass. 
When Bain first discovered the new constituent formed 
by isothermal transformation of plain carbon steels, he 
thought that this constituent was tougher for equal 
hardness than tempered martensite and tried to develop 
its applications accordingly. It was later shown that this 
was on the whole a mistaken view and that the best all- 
round properties in the medium-carbon heat-treated 
alloy steels were produced by tempering after a fully 
martensitic quench. The subsequent emphasis on 
‘ hardenability ’ arose from this conclusion. 

The inferiority of the tempered bainite structures was 
seen principally in the impact values at high hardness 


levels, but this was to a large extent a consequence of 


the carbon contents employed. 

About the time that these matters were being discussed 
a grain-refined fairly high-carbon molybdenum steel was 
developed with about 0-6%C and 0-5%Mo. This was 
essentially a bainitic steel, and very good properties and 
excellent hardenability were claimed for it. Its properties 
in the fully hardened and tempered condition were 
indeed very good, but the impact value of the bainitic 
constituent formed when it was incompletely hardened 
was poor, and for some reason that steel did not appear 
to prosper. 

About the time that that steel was being developed, 
I was interested in an investigation of the influence of the 
carbon content of steel upon the deterioration of impact 
properties resulting from transformation in the bainitic 
range, and found that this deterioration became pro- 
gressively worse as the carbon content of the steel was 
raised, and was comparatively slight in low-carbon steels, 
so that it seemed desirable to be able to make bainitic 
steels of low carbon content; but the alloy content 


considered necessary to suppress the formation of 


primary ferrite appeared to be too high to be practicable, 
and it needed the discovery of the special effectiveness of 
a little boron in suppressing the primary ferrite to bring 
this type of steel to the fore again. It is very interesting 
to find after following that line of thought some years 
ago that the solution has come from another direction 
some years later. — 

Considering the applications which are in mind for this 
steel, and particularly welded structures and rotors, it is 
clear that the success achieved in maintaining the 
impact value of the steel will prove to be critical. It is 
unfortunate that in these papers so little is said about 
impact values. We look forward to the further paper 
which is promised on this subject. I gather, however, that 
the indications are that the Charpy V-notch transition 
temperatures of the steel are around 0° C and not very 
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susceptible to modification. We are not told:exactly how 
these impact transition temperatures have been defined, 
so that we do not know what interpretation to put on 
them. The question will arise of whether a Charpy 
V-notch impact transition temperature of about 0°C will 
be adequate for the sort of applications for which this 
steel is envisaged. It is becoming clear that the load- 
carrying capacity of a welded structure is very closely 
connected with its impact transition temperature, and 
consequently the answer to this question may well decide 
the ultimate usefulness of these interesting steels. 

In the second paper, on the metallography of these 
steels, it is good to see such skilled use being made of 
electron micrographs, but when considering a case where 
so many features of the structure vary simultaneously it 
is very difficult to decide which of the features is the 
decisive one. I feel that there is a little over-emphasis of 
the effect of grain-size in the interpretation of the results, 
because the grain-size varies only between 1-5 and 2-5 yu 
over the whole strength range, and I can hardly think 
that this variation of grain-size can be very important. I 
am very much more interested, therefore, in the range of 
carbide particle size which the authors have observed, 
which is much wider. I fancy that the desirable proper- 
ties of these steels are associated with the fine structure 
shown in Fig. 80 and r, where we have ferritic grains with 
the carbide particles precipitated uniformly through 
them. A steel entirely of that structure gives high 
strength and great toughness. What we have to do is to 
make that structure with a carbon content no greater 
that is necessary to produce the yield-point which we 
need. When we have done that we have made a practic- 
able high-tensile tough steel. 


Professor R. W. K. Honeycombe (Sheflield University): 
How do you define the grain-size? I find it hard to 
extrapolate from the electron micrographs to what I 
think you mean by grain-size. 


Dr. J. Nutting (Cambridge University): I agree with 
Mr. Pickering on the importance of grain-size in controll- 
ing the properties at the higher transformation range, but 
at times I wonder why the grain-size is so important. In 
the paper which I presented earlier we thought that 
grain-size was important in the tempered steel, but there 
one could imagine that the grains had been nucleated and 
the grain boundaries had a fairly large orientation differ- 
ence. In these materials, it seems from the way in which 
the ferrite forms, and from the micrographs, that there 
must be only a very low difference. 

The authors refer to sub-grains, and by definition a 
sub-grain is something with a low orientation difference. 
How do these sub-grain boundaries hinder the movement 
of dislocations? The whole point about grain-size 
hardening is that it is the grain boundaries which control 
the process, and it is the distance over which the disloca- 
tions have to move before they meet the grain boundary 
which matters. In the case of a grain boundary with very 
low orientation difference, the strength required to 
force the dislocation through that, or to activate disloca- 
tion on the other side, is not so great as with a high 
orientation difference. From other photographs, as the 
grains form from the ferrite it is obvious that the im- 
purities in the austenite are being pushed ahead and 
form an adsorbed grain-boundary film. Is it this which 
causes hold-up of the dislocations, which forms a barrier? 

With regard to the impact properties of these materials, 
one might conclude that, if there is only a low orientation 
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Fig. A—Cracking in the heat-affected zone of steel B 
(0.2% C-3-5%Ni-1-5%Cr-0-5%Mo); cooling rate at 
300° C = 10° C's; max. hydrogen content of weld = 
5-8 m1/100 g; bead-on-plate type test x 375 


difference, once a crack starts to run through there is not 
much to stop it and if we want good properties we have 
to try to get something at the grain boundaries to stop the 
propagation of the crack through the material. 


Mr. J. H. Gittus (Mond Nickel Co., Ltd.): Now that the 
discussion has turned to the question of impact proper- 
ties, I should like to record some information which I 
have obtained with s.g. cast iron. We were concerned to 
proctuce fully ferritic s.g. cast irons having a very fine 
ferrite grain-size. It was already known that such 
refinement should produce a desirable reduction in the 
impact transition temperature. We made two approaches 
to this problem. 

The procedure of ferritization involves first austenitiza- 
tion and then annealing at a temperature of, say, 700° C 
to graphitize the matrix. The size of the ferrite grains 
formed in this process is determined to a certain extent 
by the prior grain-size of the material, and in particular 
by the austenite grain-size. We find it possible to control 
the austenite grain-size by varying the austenitizing 
temperature. If this is 900°C, for example, then the 
ferrite formed by graphitization at 700° C will have an 
A.S.T.M. grain size of perhaps 5. If the austenitizing 
temperature is lowered to 800° C, then ferrite can be 
formed which has an A.S.T.M. grain size of 9. 

Alternatively, ferrite can be produced by graphitizing 
bainite or martensite, instead of austenite or pearlite. 
Once again, a finer grain-size is obtained. 

The finest ferrite grain-size was produced by the graphi- 
tization of bainite, and in certain experiments a grain- 
size as fine as A.S.T.M. 12 has been produced by this 


process. The grain-size produced by the graphitization of 


martensite was not as fine as that from bainite, but 
finer than that produced from pearlite. The graphitiza- 
tion of martensite, unfortunately, leads to the formation 
of additional tiny graphite spheroids which are situated 
at the ferrite grain boundaries and appear seriously to 
embrittle the matrix. The structures produced by 
graphitizing bainite, however, possess a fine, uniform 
ferrite grain-size, geometrically similar to that produced 
by the graphitization of pearlite. They are free from 
subsidiary graphite spheroids, the carbon from the 
matrix being precipitated on the pre-existing graphite 
spheroids. It is thus possible to reduce ferrite grain-size 
either by lowering the austenitizing temperature or by 
ferritizing bainite instead of pearlite. As expected, both 
methods produced an associated reduction in impact- 
transition temperature. However, in the former case. 
the maximum impact strength in the ductile range is 
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unaffected whilst in the latter it is halved. No reason for 
this essential difference between ferrite formed from 
pearlite and that formed from bainite can be as yet 
ascribed. It strongly suggests, however, that the 
brittleness of tempered bainite in steel may be partly 
due to the structure of the ferrite constituent. Micro- 
scopic examination using a light microscope failed to 
reveal any particles in the ferrite matrix produced by 
graphitizing bainite which were not also visible in that 
produced by graphitizing pearlite. The only observable 
difference was the change in grain-size. 

Nevertheless, the effect of this reduction in grain-size. 
which lowered the transition temperature in the way 
which we expected, has been accompanied hy this 
unexpected reduction in maximum impact value, which 
was a great disappointment to us, because we hoped to 
use this heat-treatment on a commercial basis. It would 
therefore appear that there was some intrinsic feature of 
this ferrite, apart from its grain-size which gave it a low 
impact strength. It should be emphasized that in all 
cases the hardness of the fully graphitized material was 
virtually identical. Very large numbers of hardness 
determinations were made. On each side of the notch of 
every impact bar a small Brinell impression was made, 
to give an indication of hardness as close as possible to the 
actual fracture but not in the region of the deformed 
material and in no case was any significant difference 
in hardness shown. 


Dr. J. T. Berry (Production Engineering Research 
Association): When I was associated with the Naval 
Construction Research Establishment, I became aware 
of the fact that although the mechanism of yield and 
fracture in mild steel was well understood, the same could 
not be said of that of flow and fracture in the low-carbon 
bainitic and low-carbon martensitic-type structures. 

Dr. J. Heslop and Mr. E. Bagnall have concerned 
themselves with flow and proof-stress measurements in 
quenched and tempered low-carbon steels.* An interest- 
ing finding of theirs was that an abnormally high ratio 
(1: 3) of flow stress to 0-1% proof stress existed for 
two of the as-quenched materials examined (a low-alloy 
steel and a high-manganese mild steel). Have the 
present authors carried out any measurements which 
would enable them to say whether a similar sort of 
ratio exists for any of the low-carbon bainitic structures? 

Secondly, in the course of a study of certain funda- 
mental aspects of weld metal and heat-affected zone 
cracking in low-carbon low-alloy steels,t which included 
an examination of the morphology of cracking and 
compilation of cracking diagrams relating the onset of 
cracking to hydrogen content and cooling rate at 300° C, 
a sensitivity to many microstructural details was noticed. 

Figure A shows a typical heat-affected zone crack 
375. It can be seen, that, although there is a considerable 
amount of inter-lath cracking (either between parallel 
laths or packs of laths), there exists some trans-lath 
cracking. Weld-metal cracking showed similar tendencies. 

Mr. R. C. Allan and I think that, where the cracking 
has involved lower-bainitic laths, it has confined itself to 
interfaces of the ferrite—carbide type as they occur at 
the lath edge or within laths (i.e. ‘ Widmanstitten ° 
carbide). No doubt a similar but more limited argument 
can be advanced for quench-tempered martensite. 

The problem of fracture in such structures becomes 
similar to that of temper-embrittlement, i.e. a cohesion 
problem. Have the authors made any study of the mode 
of fracture of the steels whose structure and properties 
they have so adequately described? 





* J. Hesiop and E. BAGNALL: Unpublished work. 
+ J. T. Berry and R. Arian: Unpublished work. 
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Mr. A. G. Haynes (The Mond Nickel Company Ltd.): 
In considering the effect of boron on the isothermal trans- 
formation in the temperature range of pearlite formation, 
I was intrigued to see from Fig. 3 of the authors’ Decem- 
ber paper that the nose on the transformation diagram 
had apparently been raised approximately 100° C by 
the addition of boron to the $%Mo steel (Fig. B). 

In the boron-free steel, the nose occurs near the 
estimated Ac, temperature but, in the presence of boron, 
the nose occurs at a temperature approaching the Acs. 
The authors do not indicate in their isothermal trans- 
formation diagram curves showing the time required to 
form given percentages of ferritic and pearlitic trans- 
formation products, but it is obvious that the nose for the 
onset of carbide formation cannot be displaced to a 
similar temperature above Ac,. 

In studies of the isothermal transformation characteris- 
tics of numerous low-carbon alloy steels we have always 
found that the nose temperature of the pro-eutectoid 
ferrite formation curve is never markedly different from 
that of the nose associated with the onset of carbide 
formation in the later stages of the reaction. 

The relative displacement of the noses for ferrite and 
carbide formations in boron-containing steels therefore 
suggests that the effectiveness of boron in retarding 
ferrite nucleation varies at different temperatures in the 
pearlite range and, unlike the effect of the common alloy- 
ing elements in low-carbon steels, it does not promote a 
uniform displacement of the diagram to longer trans- 
formation times. 

At high temperatures in the pearlite range where 
ferrite nucleation is mainly limited to a few sites at the 
junctions of three or more austenite grain boundaries, 
there is little difference between the times required to 
initiate ferrite formation in the boron-containing and the 
boron-free steels. At lower temperatures microscopic 
evidence shows that there is an increased tendency for 
ferrite nucleation to occur at junctions of three austenite 
grain boundaries and also between two neighbouring 
grains. At some temperature in this region boron 
appears to become effective in retarding nucleation, an 
effect which increases with further decreases of tempera- 
ture, thus resulting in the appearance of a high-tempera- 
ture nose. On the other hand, the boron-free steel still 
shows an increased nucleation rate on further lowering of 
the temperature to below Ac. 

An earlier paper of the authors’ indicated that the nose 
temperature decreased with decrease of boron content 
and this suggests that for each boron-containing steel 
there is a specific temperature above which there are 
insufficient interstital boron atoms effectively to reduce 
the grain boundary energy at the high-temperature 
nucleation sites. Is it also possible that progressive 
additions of molybdenum from 0 to $% in a boron steel 
may alter the dispersion of boron at the austenite 
grain boundaries giving the rather unexpected increase 
from 620° to 790° C of the nose temperature for pro- 
eutectoid ferrite which was observed by Dr. Irvine and 
his colleagues? 

I feel that if the authors would provide details of the 
progress of transformation in the pearlite range of the 
boron-containing and boron-free steels, such data would 
throw useful light on some of my comments. 

I hope the authors will forgive my confining my 
remarks to the pearlite transformation range when we are 
diseussing bainitic steels, but after all it is this reaction, 


or rather its absence. which permits attainment of 


relatively high tensile strength in the absence of con- 
ventional alloying elements. 

In work on low-carbon, low- and medium-alloy steels 
of different hardenability. we have noted a similar 
relationship between the proof stress value and tensile 
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Fig. B—Transformation in the temperature range of 
pearlite formation 


strength to that given by the authors (Fig. 6 of the 
December paper). Tempering after normalizing or 
quenching effects a substantial improvement in the limit 
of proportionality and 0-1% proof stress values and to a 
lesser degree in the 0:5% proof stress. This applies in 
particular to those steels which do not wholly transform 
during cooling in the pearlitic range. 


AUTHORS’ WRITTEN REPLY 


Dr. Irvine and Mr. Pickering wrote: Dr. Allen has 
raised the question of impact. Further work has been 
carried out on this subject and will be reported at a later 
date. The important points which emerge from this 
work can be given quite briefly, however. If the bainitic 
structures are examined it will be seen that they fall into 
two main types. At the higher transformation tempera- 
tures there are grains containing bainitic ferrite plates 
and the carbides occur either as large aggregates at the 
grain boundaries or as films or plates along the bainiti 
ferrite plate boundaries. At the lower transformation 
temperatures the structure consists of bainitic ferrite 
plates containing small precipitated carbide particles. In 
the high-temperature bainitic structure the easiest 
fracture path is the individual ferrite plate itself, and 
since this generally extends across the austenite grain, the 
austenite grain-size will be one of the controlling factors on 
impact properties. In the lower-temperature bainitic 
structures, since the ferrite plates contain carbide 
particles, the fracture path is very much interrupted and 
grain-size no longer has such a controlling influence. 

With mild steel it is known that providing reasonable 
grain-size control is exerted, acceptable impact proper- 
ties can be obtained. With the high-temperature 
bainitic structures, since the tensile strength has been 
increased quite considerably, it is necessary for the 
grain-size to be reduced in order to retain a similar level 
of impact properties. In general terms, if satisfactory 
properties can be obtained in a mild steel using a finishing 
rolling temperature of 1000° C then this must be decreased 
to 900° C for a 40 tons/in® bainitic steel and to 800° C for 
a 50 tons/in? steel. Because at intermediate transforma- 
tion temperatures the tensile strength is still increasing 
(i.e. of the order of 55 tons/in*) but the structure has not 
changed to the type where carbide particles are within 
the ferrite plates, it will be expected that these steels 
will have poor impact properties even when grain-size 
control is exerted. Generally speaking therefore, these 
intermediate structures are not recommended where 
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impact properties are important. At the lower trans- 
formation temperatures steels in the air-cooled condition 
having tensile strengths from 60 to 75 tons/in? are 
produced. Since these have a structure consisting of 
ferrite plates containing carbide particles the impact 
properties are considerably improved and the main 
controlling factor is now tensile strength. Providing some 
degree of tempering is used to remove the internal stresses 
associated with the low transformation temperature, 
quite satisfactory impact properties can be obtained. 

Dr. Allen has also discussed the relationship between 
microstructure and properties and suggests that we have 
over-emphasized the effect of grain-size. The major 
difference in grain-size is, of course, between the bainitic 
ferrite and polygonal ferrite and it is suggested that the 
increased properties of the lower-tensile bainitic steels is 
mainly due to this fine grain-size. This seems a reason- 
able conclusion because the carbides occur either as 
aggregates at grain boundaries or as films or plates 
along the bainitic ferrite plate boundaries and can hardly 
be expected to have much greater contribution to the 
strength of the steel than the grain boundary itself. 
Through the bainitic transformation range it is true that 
the grain-size variation is small (although nevertheless 
important), but it is at this stage that the carbide 
particles begin to be precipitated within the ferrite plates 
when they must result in dispersion hardening. 

Professor Honeycombe has asked how the grain-size of 
these structures is measured. The grain-size is defined by 
the white grain boundaries of prints taken from photo- 
graphs of Formvar replicas. These include not only the 
prior austenite grain boundaries but also the bainitic 
ferrite boundaries. The method employed is an intercept 
measurement and it is accepted that this measurment is 
difficult. For one thing, transformation occurs over a 
range of temperature of approximately 100°C and 
therefore there will be quite a variation in the grain- 
size. Another point is that the ferrite plates are elongated 
which always makes grain-size measurement difficult. 

Dr. Nutting has also discussed the reason for the 
strength of these steels. We agree with him that it is 
difficult to envisage more than a slight orientation differ- 
ence between the ferrite sub-grains. However, the 
energy necessary to force dislocations through these 
sub-grain boundaries will increase as the grain-size 
decreases. We also consider that the segregation of 
impurities to these sub-grain boundaries will create a 
strong barrier to the movement of dislocations. Conse- 
quently, the strength of the steel results from a combina- 
tion of these two effects. We have already pointed out 
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that at the lower transformation temperatures the 
dispersion hardening effect of the precipitated carbide 
particles plays an important part. 

The results described by Mr. Gittus, although in- 
teresting, are difficult to relate to our work although they 
do appear to indicate the effect of ferrite grain-size. 

Dr. Berry asked whether we have made any measure- 
ments of the ratio of flow stress to proof stress values. 
We are not sure how Pr. Berry defines flow stress but 
if he means the limit of proportionality then the measure- 
ment of this depends to a great extent on the sensitivity 
of the apparatus which is used and consequently, the 
ratio of flow stress to proof stress which is obtained will 
be quite variable. We have not attempted to make any 
measurements of this type. Dr. Berry also asked 
whether we had noticed any temper embrittlement 
effects in these steels. In our fracture studies we have 
noticed a tendency to fracture along the bainitic ferrite 
boundaries, particularly when the structures form at 
intermediate transformation temperatures when there is a 
tendency for carbide films or plates to occur at these 
boundaries. This type of fracture is restricted to these 
particular structures, however, and is not a general 
feature of the fracture of these steels. It will be remem- 
bered that these are molybdenum and boron steels, and 
although it is sometimes suggested that boron promotes 
temper embrittlement it is also known that molybdenum 
is effective in preventing temper embrittlement. 

Mr. Haynes has made some comments on the high- 
temperature region of the isothermal transformation 
diagrams. We agree with his comments that in general, 
boron-free steels show the nose of the ferrite and pearlite 
C-curves at about the same temperature and that since in 
a boron steel the nose for the pearlite curve is not raised 
above Ac, there is a difference between the effect of 
boron on the ferrite and pearlite transformations. The 
reason for this is that boron does not uniformly retard the 
pro-eutectoid ferrite reaction over the complete tempera- 
ture range. In fact, the segregation or adsorption of 
boron to the austenite grain boundaries is temperature 
dependent. At high temperatures near to the Ac, 
temperature the adsorption is small and, consequently, 
the pro-eutectoid ferrite reaction is only slightly retarded. 
As the temperature falls the adsorption becomes more 
pronounced and the pro-eutectoid ferrite reaction becomes 
markedly retarded. This results in the nose occurring at 
a temperature between Ac, and Ac. This means in fact, 
that the steel alters radically with regard to its boron 
dispersion as the isothermal transformation temperature 
decreases below Acs. 
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This discussion was based on the paper by W. Steven 
and D. R. Thorneycroft entitled “ Variations of Trans- 
formation Characteristics within Samples of an Alloy 
Steel,” which appeared in the September, 1957, issue 
of the Journal (vol. 187, pp. 15-32). Mr. D. R. Thorney- 
croft (Mond Nickel Co., Ltd.) presented the 
paper. 


Mr. P. W. Bygate (Brown Bayley Steels Ltd.): I should 
like to congratulate Dr. Steven and Mr. Thorneycroft 
not only on the work they have put in, but also because 
they have attempted to measure systematically some 
of the differences in the behaviour exhibited by speci- 
mens from different portions of the same mass. As far as 
I know, the reason for the hardenability variations is not 
known and this is the first attempt to throw some light 
on the problem. 
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With regard to the 9 s.w.g. wire specimens isothermally 
transformed at 550° C for 24 h, it is said that the harden- 
ability pattern, as shown in Fig. 2, was visible on a 
macroscale, but not on a microscale. It is difficult to 
understand why there is no difference microscopically 
between the outside and centre zones in view of the 
subsequent isothermal transformation data presented, 
unless it is due to a bad choice of transformation tempera- 
ture, i.e. one at which over a very long period of time 
there is only a small amount of transformation, and this 
would probably be the case, according to the isothermal 
diagram shown in Fig. 5. Had these specimens been 
transformed at either the pearlite temperature of 640° C 
or the bainite temperature of 400° C—the temperatures 
used subsequently on the 2-in. square bar and ingot 
material—differences on a microscale might well have 
been much more readily apparent. It would also be of 


NOVEMBER, 1958 





DISCUSSION ON 


interest to know to what the authors 
consider the transformation data, obtained dilatometric- 
ally for the specimens machined from wire, might be 
influenced by the fact that the judging from 
Fig. 2, would be inhomogencous and to varying degrees. 


extent, uf any, 


specimens, 


Fig. A—Sulphur print of a section through the axis ofa 
25-cwt ingot of En 16 steel 
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It is noted from Table LV that the minimum total 
reaction time for material from the columnar zone of 
ingot 5 is 14h at 610°C, yet for the same material 
transformed at 640° C the times given in Table V are 
only 1-4 and 4-2h. The agreement for the material 
from the columnar zone at the bottom of the ingot in 
Tables LV and V is very much better. 

With regard to the form of the zone of lower harden- 
ability, we have on many occasions examined sections 
of billets or bars corresponding with the top, middle, and 
bottom ingot positions and, without exception, have 
found the variation recorded by the authors, i.e. the 
zone is large at the bottom and becomes progressively 
smaller towards the top. That being so, the low- 
hardenability zone can be visualized as an elongated or 
truncated pyramid within the body of the ingot. We 
also confirm that this variation in hardenability cannot 
be accounted for by variations in composition on a 
macroseale. The feature normally present in an ingot 
which corresponds approximately with the suggested 
pyramid outline is the zone delineated by the ‘A’ 
segregates. Ingots of the size and type examined do not 
generally show marked ‘A’ segregates, but sulphur 
prints may show an indication of some structural 
irregularity where the ‘ A’ segregates would normally be 
expected. The sulphur print shown in Fig. A is from an 
ingot of the same size and weight as those used by the 
authors and the ‘irregularity’ in sulphur prints is 
plainly visible. It will be seen that this line of ‘ irregu- 
larity ’ marks the limit of the columnar crystals only at 
the bottom of the ingot (Fig. B) and that higher up, 
towards the top of the ingot, between the end of the 
columnar crystals and the line of irregularity there is a 


zone of equiaxed dendritic crystals which appear 


different from the crystals within the pyramid. Actually 
these structural changes are visible on the original print 


from which Fig. 13 was made, but the structural detail 
has been lost in reproduction, although indications of 
the zone are still visible, particularly about the mid- 
portion of the ingot. The tapered zone shown on the 
sulphur print corresponds with the tapered zone of the 
modified ingot structure referred to by the authors and 
stated to correspond closely with the limits of the zone of 
low hardenability. 

This variation in ingot structure is not new. It was 
noted on some of the ingots examined by the Hetero- 
geneity Committee, about one of which—a Ni-—Cr—V 
steel ingot—Dr. Hatfield* has written: ‘* A characteristic 
of this ingot which is confirmed is the complete absence 
of ‘A’ and ‘ V”’ segregates, although it might at first 
sight appear from the macro-etched surface that there 
was an ‘A’ segregate. Closer examination, however, 
reveals that this is in reality only an etching effect 
produced by a change in the character of the crystalliza- 
tion in this region.”” Subsequent comment states that a 
secondary system of equiaxed crystals has developed 
between the columnar zone and the inner zone of fine 
equiaxed crystals.” 

Chere appears to be insufficient evidence to justify the 
contention that the low hardenability zone is invariably 
to quote Dr. Hatfield—the inner zone 
of fine equiaxed crystals, but there is certainly a remark- 
able coincidence of these two features, for which reason I 
strongly support the authors’ suggestion that these 
effects arise in the solidification of the ingot and that the 
accumulation of detailed knowledge regarding this 
solidification is of prime importance, In this connection 
the authors suggest that a study should be made of such 
variables as pouring speed, ingot size, etc. to ascertain 
their effect on the resulting ingot structures. We have 


associated with 


Iron Steel Inst. Spec. Rep. No. 25, 193%. 
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(Bottom) 


Fig. B—Portions of the sulphur print shown in Fig. A at positions towards the top and bottom of the ingot 


carried out experiments involving several of the variables 
mentioned by the authors and as a result we feel that al- 
though the shape of the zones of varying crystallization 
can be modified, their suppression cannot be effected by 
any of these factors, that is, in ingots of the size now 
under consideration. 


It seems, therefore, that there may be equiaxed 
crystal zones of varying hardenability, but those of low 
hardenability are selectively situated within a restricted 
portion of the ingot body. The two main zones may or 
may not be separated by a zone of peak hardenability, 
depending on the degree of ‘A’ segregation. If this is 
correct then it would appear important to determine how 
the two systems of equiaxed crystals arise, and this 
brings us back to the belief that the solution of this 
problem lies in the study of the basic mechanism of 
solidification of the ingot. 


One can imagine how these zones may be built up 
embodying the occurrence of falling crystallites as 
postulated by the authors, but it is debatable whether the 
addition of inoculants is likely to prove a useful line of 
attack, since there appears to be no evidence to suggest 
that this inner zone of equiaxed or nuclear crystals (as 
they have been called) owes its occurrence to lack of 
erystallization centres. It is possible, however, that 
inoculants may cause an earlier onset of crystallization 
which may well affect the freezing pattern. 

The effect of the homogenization treatment is very 
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marked and the authors conclude that this is due to 
diffusion producing almost complete chemical homo- 
geneity. They state that the microstructures of homo- 
genized material are free from banding. If that is so it 
would be of interest if the authors would comment on the 
persistence of the fluctuating hardness giving a saw-tooth 
effect for material that has been homogenized and sub- 
sequently isothermally transformed. The fluctuating 
hardness must surely be a reflection of microcomposition 
differences and it is therefore only in respect of the 
removal of the centre dip in the hardness traverse curves 
that the homogenized material differs largely from the 
original. I venture to suggest that this saw-tooth 
effect is an indication that the microhomogeneity is not 
quite as complete as the authors conclude. 


In terms of mechanical properties, the commercial 
importance of these hardenability variations is perhaps 
not very great since most engineering steels are tempered 
at such temperatures as largely iron out the as-hardened 
differences, but on occasion the low hardenability zone 
appears to reveal itself in other ways. Figure C shows the 
macrostructure along the centre line of a 4}-in. dia. bar 
of En 30 steel. Structural differences are visible which 
seem to portray the zones of different hardenability and 
it is evident that the inner, low-hardenability portion is 
subject to cracking and that the major cracks are 
clearly limited by it. Do the authors consider that the 
varying transformation characteristics they' have ob- 
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served could account for this effect? The close cor- 
respondence of transverse cracks with a zone of low 
hardenability has been observed in several instances. 


Mr. J. H. Gittus (Mond Nickel Co. Ltd.): It has been 
suggested that some type of inoculation might possibly 
influence the degree of microsegregation which occurs 
during solidification. This is an attractive proposition. 
Evidently the process of solidification is one in which 
segregation occurs, and diffusion to a limited extent will 
tend to reduce that segregation during the process of 
solidification and during the subsequent cooling of an 
ingot or a steel casting to room temperature. 

The authors have demonstrated that homogenization 
may be achieved by protracted high-temperature heat- 
treatments. It was thought that if the rate of nucleation 
of the dendrites during solidification could be substanti- 
ally increased, then the distance over which diffusion 
must occur to remove the microsegregation would be 
correspondingly decreased, since in the simple case this 
diffusion distance is equal to half the thickness of the 
crystallite. One way of increasing the rate of nucleation 
is to increase the rate of solidification, but unfortunately 
this also decreases the time available for diffusion at 
any specific temperature. What is therefore wanted is a 
means of nucleating a melt which does not rely for its 
effect on change in solidification rate. 

In the absence of any knowledge of a specific inoculant 
for an En 24 steel, it was decided to use vibration. 
Because of practical limits involved in the application 
of vibration, it was impossible to study ingots of any 
size and use was made instead of 2}-in. dia. balls cast in 
graphite moulds. A consequence of the rapid solidifica- 
tion rate of castings of this description is the virtual 
absence of any equiaxed zone from the casting and the 
presence instead of columnar austenite dendrites 
throughout. The dendrites are orientated more or less 
perpendicularly to the surface of the casting in the 
vicinity of the cast surface, and this orientation is 
gradually lost as the centre of the casting is approached. 

Two castings were made simultaneously in En 24 steel. 
One ball was cast into a vibrating mould and the other 
into a stationary one. The castings were then examined 
at the centre position remote from the small amount of 
centre porosity which was encountered, and various 
etching techniques at low magnification were used to 
demonstrate visually what we might term the macro- 
morphology of the crystallites and, secondly the micro- 
segregation. It was found that the vibration had reduced 
the size of the dendrites, eliminating their columnar 
appearance. Microsegregation and ‘coring’ of the 
dendrites was substantially reduced. 


The Chairman (Dr. H. H. Burton): What was the 
frequency of vibration, and how was it applied? 


Mr. Gittus: The frequency was 100 cycles a second, 
and the whole mould and the casting which it contained 
was vibrated up and down in one plane. 


The Chairman: Various experiments of vibrating have 
been carried out on ingots, but so far I do not know of a 
single case where there has been a beneficial effect. I am 
not speaking of supersonic vibration experiments. 

All the ones that I know ebout were carried out by 
Dr. Northcote at Woolwich, and they have had no 
beneficial effect. Some of you may remember a paper in 
the Institute given by my friend W. J. Dawson, who 
solidified an ingot on a jar-ram machine in the foundry 
and got a very marked segregate pattern which would 
not have cccurred in the same sized ingot without 
vibration. We have carried out experiments on a series of 
ingots, all bottom poured, and we got entirely negative 
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Fig. C—Etched section through the centre line of a 
4}-in. dia. bar of En 30 steel, showing the confine- 
ment of transverse cracks to the low-hardenability 
zone 


results. So I think that probably the frequency and the 
type of vibration may be very important. 

Mr. Gittus: That may be so. I have no evidence about 
frequency, since it was not a variable in my experiments, 
but there is a paper before the Institute, proposed for 
publication, which describes this experiment and a 
number of others which throw some light on the matter 
of segregation which may have been caused by vibration. 


Monsieur A, Kohn (IRSLD, France): As the question of 
microsegregation has been raised, I can give some in- 
formation on that important problem. At IRSID, we 
are investigating the various phenomena which take 
place during solidification of alloys, in order to achieve a 
better understanding of the mechanism by which 
segregations are produced. In the first part of that 
study we used the autoradiographic method to see in 
which conditions certain elements added to iron may 
segregate at the microscale. This study was carried out 
on elements which can be made easily radioactive by 
irradiation into an atomic pile: they include some 
elements which can be found in conventional structural 
steels, and others which are not usually present in 
normal commercial grades. Two series of alloys were 
prepared by remelting in vacuo, or under an argon 
atmosphere, pure iron with a master alloy of the desired 
element. The first series consisted of binary alloys, each 
comprising one of the following elements added in small 
amounts to iron: 0-025%P, 0-15%Cu, W, and As; 0-5% 
Mn and Co, and 2%Mo. The second series consisted of 
ternary alloys, in which the second element was as 
indicated above, and where the third element was carbon 
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(ii) 


(ij) 
(i) Segregation of phosphorus in a 0-030°%,P alloy without cai bon 
(ii) Segregation of phosphorus in a 0-015°,P alloy containing 0-46, ¢ 
(ili) Segregation of copper in a 0-30%C-0-20% Cu alloy 
(iv) Segregation of chromium in a 0-50°,C-0-40%Cr alloy 


Fig. D-—-Photomicrographs showing segregation of 
phosphorus, copper, and chromium 5 


at a content of about 0:-40°%,. Ternary alloys of chromium 
(0-59) and gold (0-01%) were also investigated. 

The ingots, weighing about 1200 g, were cooled in the 
refractory crucible where they had been melted, in such 
conditions that the rate of cooling solidification was 
approximately similar to the rate which occurs in the 
inner parts of large industrial ingots. 

Autoradiographs were made on samples about 1 em x 
lem, which had been thinned by polishing down to 
about 100. The examination of the autoradiographic 
images has shown that a slight segregation of phosphorus 
and arsenic could occur in the alloys without carbon; but 
in the other binary alloys no segregation of the solute 
element could be detected. On the other hand, in each 
alloy: with carbon—except in the alloy containing 
cobalt——a very distinct pattern, corresponding to a 
dendritic segregation, was observed: this heterogeneity 
was very clearly seen in the alloys with phosphorus or 
arsenic, thus confirming previous investigations. From 


these results (Fig. D i—iv) it can be deduced that most of 


the elements may segregate when they are present in an 
iron alloy containing carbon. Further tests are planned 
to confirm whether cobalt does not actually segregate. 
As the resolution power of the autoradiographic images 
is poor, it cannot be concluded that no segregation was 
present in the alloys without carbon, where it was not 
observed; but, if such a segregation exists, it is very slight. 
The effect of the carbon on the intensity of the segrega- 
tion of an element is probably related to the broadening 
of the solidus—liquidus range, produced by the carbon. 
Thus, the tests give direct evidence that probably all 
elements which are present in structural steels as alloys 
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or as impurities may segregate, Up to that time, qualita- 
tive information only has been drawn from examination 
of the autoradiographs; therefore, by comparing the 
images, it can be deduced that arsenic, phosphorus, and 
gold segregate the most. But, at [RSID too, Mr. Philibert, 
using the electron probe spectrometer, was able to detect 
high variations in the content of some elements in com- 
mercial air-hardening steels. The variation was about 
35%, for copper, 50% for nickel and chromium, 65% for 
manganese, and 130% for molybdenum. Then it is not 
surprising that a high variation in the tempering response 
may be observed, when examined on a microscale. 


Mr. E. Johnson (Wm. Jessop and Sons Ltd.): Some three 
years ago we investigated, in a similar manner to that of 
the authors, the variations of transformation characteris- 
tics of steel billets of En 17 as well as En 24 quality; and 
found large transformation variations in both longitudinal 
and transverse directions of both steels. Transformation 
in the pearlitic zone showed the effect more markedly, 
and comparison of the bainitic and pearlitic characteris- 
tics of various portions of the billets revealed no uni- 
formity on either side of the longitudinal axis, nor a 
gradual progressive change from top to bottom. In 
general there is a good correlation between the two 
results on En 24, and like the authors we were not able to 
account for the intermediate zone of peak hardenability 
on the basis of results of macro- and micro-examination 
and spot spectrographic determinations. Further work 
is therefore indicated. 

With regard to transverse cracking, the only comment 
[ have to make is that the phenomenon is definitely 
related to hydrogen content. In a works experiment we 
took half the billets of one cast and by slow cooling (and 
presumably getting rid of the hydrogen) avoided the 
effect in the subsequent bars. 


Mr. F. G. Haynes (Mond Nickel Co., Ltd.): I should 
like to suggest one direction in which there may be some 
commercial importance in this phenomenon of micro- 
segregation. I want to talk about a very simplified case 
which does not represent the practical case very closely, 
but it will indicate the point I wish to make. 

Supposing that a dilatometer specimen has a laminated 
structure composed of alternate layers of ‘A’ material 
and ‘ B’ material and that the ‘ A’ material is less rich 
in alloying element, so that it starts transformation first. 
On cooling down, or indeed on holding at constant tem- 
perature, the ‘A’ material, transforming first, will try 
to expand. It will be very weak because a metal under- 
going a phase change has very little strength. Therefore, 
being trapped in between the layers of ‘B’ material 
which are not yet transforming, it may well get upset 
a little. Thus, when it has finished transforming, it will 
be a little shorter than it should be. Similarly, when the 
‘B’ material starts to transform, a shear stress develops 
against the ‘A’ material and it, too, suffers from 
shortening. The net result of this mechanism is that, 
when the specimen has transformed, it is a little shorter 
and fatter than it should be. 

This is a perfectly possible effect. It seems to me that, 
if there is any directionality in the segregation patterns, 
it is conceivable that this may cause distortion troubles 
during heat-treatment. This will, of course, apply 
principally to tool steels and carburizing steels, where 
one is interested in very close control of dimensions 
during heat-treatment involving transformations of this 
type. 


AUTHORS’ REPLY 


Mr. Thorneycroft: Mr. Bygate’s remarks reflect the 
considerable interest which he and his colleagues have 
always shown in the origin of low-hardenability zones in 
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steel ingots. In particular it is interesting to hear that 
in their further experiments on ingot material, they find 
no effect of some of the obvious variables, such as pouring 
speed, ingot size etc., on the occurrence of the tapered 
zone of low-hardenability. 

The specific points raised by Mr. Bygate are replied to 
as follows. Segregation within the 9 s.w.g. wire was not 
thoroughly explored, and it is likely that larger differences 
in progress of transformation across the section would 
have been found in samples partially transformed at 
temperatures other than 550° C. That some segregation 
remained in the wires was shown more clearly by the 
progress of the martensite transformation in axial and 
near-surface zones. Nevertheless, by comparison with 
ingot material, the wires were relatively homogeneous. 

As shown in Fig. 5, the pearlite reaction times for ingot 
material change rapidly over the temperature range 
600—700° C, and this feature accounts for the differences 
in reaction times recorded in Tables IV and V. 

We agree that neither ingot nor bar material was fully 
homogenized by the few days, treatment at 1200° C. The 
evidence of Figs. 17b, 18, and 19 betrays a residual 
heterogeneity, and it is probable that these last traces 
of segregation will be difficult to remove, since the 
concentration gradient, a driving force in diffusion, will 
be slight compared with that of the untreated sample. 

The example of transverse cracking in an alloy steel 
billet parallels that encountered by the authors. The 
degree of microsegregation in the cracked, central zone 
of the billet was sufficient to produce a substantial 
difference in bainite reaction times between the centra 
and surface of the billet. It is probable that under con- 
ditions of continuous cooling, severe transformation 
stresses are engendered in the alloy-enriched inter- 
dendritic zones when these finally transform. As shown 
in the present paper, the difference in M, temperatures, 
for example, between dendritic and interdendritic regions 
is 70°C. Such differential transformation in the mar- 
tensite zone is likely to invoke the severest transforma- 
tion stresses. 

Mr. Gittus has described an interesting experument in 
inoculation. The refinement of cast structure seers to 
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be primarily in terms of reducing the length of the 
columnar crystal without change in width. Therefore, 
the distance for diffusion has not been radically altered. 
The reduction of coring was the salient feature, which 
warrants a more quantitative treatment. 

We are delighted to hear from Mr, Kohn of the progress 
made in his studies of segregation. It would be useful 
to compare segregation intensity with the liquidus/solidus 
temperature intervals for the various binary and ternary 
alloys. This comparison may throw some light, for 
example, on the behaviour of the Fe-Co alloys. Inci- 
dentally, an autoradiographic technique is described in 
the April issue of the Journal, in which the radio-isotope 
5¢Mn was produced in situ by pile irradiation of ingot 
samples of 4°%Ni-Cr steel. The segregation of manganese 
was confirmed. 

It is possible that the pattern of microsegregation by 
Mr. Johnson’s B.S. En 17 ingot was influenced by casting 
technique, or by a superimposed pattern of macro- 
segregation. 

We agree with Mr. F. G. Haynes that banding in steel 
can be a source of distortion. Sheffield workers have 
shown examples of this effect, where, in the case of 
extreme strain between neighbouring bands, the stress 
level was high enough to produce localized transverse 
cracking. 


CHAIRMAN’S CONCLUDING REMARKS 


The Chairman (Dr. H. H. Burton): I should like to 
make two observations. First, there is evidently a very 
large series of problems still remaining for the Ingots 
Committee to take up. In the early days of the Ingot 
Committee, the causes of segregation were considered 
to be of paramount importance, but we have not solved 
them yet. 

The second point is the frequent mention of banding. 
that of those who have mentioned 
banding have not read very thoroughly the excellent 
paper that was given as the Hatfield Memorial Lecture 
in 1957. I suggest that they should read it, not once, 
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Tonnage Oxygen Plant at Scunthorpe 


The Earl of Ancaster, T.D., official! 
opened the tonnage oxygen plant 
British Oxygen Gases Ltd., at Scunt 
on 7th October, The Company : 
four tonnage plants; those at Mar; 
Scunthorpe are now in full product 
will shortly be augmented by 1 
plants at Ebbw Vale and © it 

The Scunthorpe plant has daily 
capacity of 200 tons, which makes it the 
largest in commission in the U.K. It will 
serve the three iron and steelworks in the 
area—the Appleby-Frodingham Steel C« 
pany, John Lysaght’s Scunthorpe Works 
Ltd., and the Redbourn Works of Richard 
Thomas and Baldwins Ltd.—-to which it is 
linked by pipeline. It will have a consider 
able effect in increasing steel production in 
these works. 

Oxygen now figures prominently in 
steelmaking practice in the Scunthorp: 
area. The “ Ajax’ furnace at Appleby 
Frodingham (J.1.S8./., 1958, Sept., vol. 190, 
pp. 1-29) represents an important in 
ovation in steelmaking practice; this tilting 
open-hearth furnace, modified so as to 
permit a much heavier use of oxygen 
than ever before, has 
over 100,000 tons of 
four-week 


rther 


already produced 
steel In a recent 
period, its output was 19,263 
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which is believed to be 
figure ever attained by 
furnace in the U.K. 

At Kedbourn, oxygen has been used for 
steelmaking for many years. Early ex 
periments with oxygen lancing in the open 
hearth furnace were found to speed up 
refining times and increase outputs by 5 
1( Later, oxygen was used for desili 
conizing molten iron in the ladle, which 
further reduced refining times and raised 
production; plans are now well advanced 
for the installation of the first plant of its 
kind in the U.K. using oxygen for the 
removal of phosphorus. Since the tonnage 
plant began production, all seven open 

irths at Redbourn have been modified to 

t the use of oxygen. 
new plant is of the Kescol type, 
ig regenerators for air purification and a 


tons, the highest 


an open hearth 


single distillation column for air separation 
of the 
both 


pansion turbines are also a feature 


nt, which is capable of producir 
gaseous oxygen Ih 
to the 


n, but nearly 


id and Vz 
supplied steelworl) 
600 tons 


at the plant, to mai 


Ladle desiliconization with oxygen at 
Richard Thomas and Baldwin Ltd. 
Redbourn Works 
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The Vacuum-lifter Process 
of the Dortmund-Horder Hittenunion AG 


By F. Harders 


THE CHARACTER of all chemical reactions is 
essentially influenced by the concentration of the 
elements concerned, the pressure, and the tempera- 
ture. By varying these three factors it is possible to 
find the most favourable conditions for any industrial 
process based on chemical reactions with respect to 
productivity, economy, and quality of the finished 
product. For instance, the chemical industry achieved 
great economies in the gas synthesis process by 
changing the pressure. The degassing of steel by 
vacuum treatment on a production scale was intro- 
duced much later into steelworks. Although the first 
aim was to eliminate the detrimental hydrogen con- 
tent, interest soon centred upon the metallurgical 
reactions. 


This fact is especially significant in relation to the 
reaction of carbon with oxygen to produce carbon 
monoxide. If the partial pressure of CO in a balanced 
steel melt is reduced from 760 to 7-6 mm Hg, i.e. to 
one-hundredth of the atmospheric pressure, the 
oxygen content of a steel melt containing 0-1%C 
is lowered from 0-025% to 0-0003%, resulting in a 
reduction of the carbon content to 0-08% (see Fig. 1). 
In a very short time 0-35 m* (N.T.P.) of CO per ton 
of treated steel can be drawn off. In a steel melt 
containing 0-5°%C and subjected to the same pressure 
reduction, the oxygen content is lowered from 0-005% 
to 0-00005°%, whereas the change in carbon content 
is so small that it does not become apparent. In this 
case, 0-07 m® (N.T.P.) of CO per ton of steel are 
drawn off. It is therefore evident that pressure 
reduction is a powerful method of lowering the oxygen 
content of a steel without rendering it impure by the 
addition of solid deoxidizing agents. .The carbon 
content is also reduced, but the effect is greater with 
soft steels than with hard steels, as the above examples 
show. 


It would naturally be very tempting to remove the 
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SYNOPSIS 


About 40,000 tons, mainly of unalloyed open-hearth steel, have 
so far been treated with the vacuum-lifter process of the Dortmund- 
Hérder Hiittenunion. Defects due to hydrogen are not now 
observed, although the heat treatments formerly necessary to 
reduce hydrogen content are no longer carried out. Oxide inclusions 
have been reduced to less than a half of their former level. In the 
production of heavy forgings, the vacuum-lifter process saves five 
times as much as it costs. Contraction cavities in killed steels are 
welded up much more readily in rolling than in untreated steels. 
Hot-rolled strips from vacuum-treated killed steel are absolutely 
free of laminations. 1630 


entire oxygen content and its chemical compounds 
from the steel by vacuum treatment: it is in fact 
possible to attain very low oxygen contents in the 
laboratory. However, the cost of vacuum treatment 
of steel melts increases in proportion to the degree of 
purity attained. Vacuum melting is economical only 
with high-grade steel requiring expensive alloying 
additions. It offers the advantage that the melt is 
allowed to degass for long periods under a high 
vacuum. The application of vacuum melting to steel 
will be restricted until the vacuum equipment can be 
enlarged and produced at a lower cost. The detri- 
mental effect of non-metallic inclusions depends on 
the use to which the steel is to be put, and so it is 
not always necessary to attain a high degree of purity. 
It would therefore serve a very useful purpose if an 
inexpensive method of varying the amount of de- 
gassing to achieve the required degree of purity could 
be developed. The development of production methods 
has been encouraged by the fact that with most 
mass-produced steels a simple vacuum treatment can 
achieve quality changes and economic advantages. 
The economies of operating a large steelworks 
depend on the trouble-free throughput of large 
quantities of steel without interference with the 
normal flow of operations. Thus the less a steel 
degassing method interferes with the normal flow of 
operations in the melting shop, the casting bay, etc., 
the better it is. Shorter degassing times interfere less 
with the norma] flow of operations. Reduction in the 
time of treatment is also an advantage in that the 
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Fig. 1—Carbon-oxygen equilibrium as a function of 
partial pressure of CO 


detrimental effects of the degassed steel reacting with 
the refractory lining and the slag are reduced, since 
the gaseous CO can be more quickly removed from 
the melt than oxygen can be made available from the 
refractory lining or the slag, which only occurs in a 
liquid state. 

Dortmund-Horder Hiittenunion AG has developed 
a method for degassing mass-produced steels that 
takes all these factors into consideration. Figure 2 
is a diagrammatic representation of the e juipment 
used for degassing. A suction pipe dipper. into the 
ladle draws steel off in small quantities :nd forces 
it into an evacuated vessel—the vacuum | fter. The 
degassed steel then flows back into the ladle. The 
vacuum lifter is continuously lowered and lifted, 
filling with steel and discharging it in a degassed 
condition into the ladle. Figure 3 shows the cycle of 
operations; the lower position is on the left and the 
upper position on the right. The difference in level 
of molten steel in the ladle and in the vacuum lifter 





Fig. 3—Method of operation of vacuum lifter 


is always the same, and is determined by barometric 
pressure. In the upper position the whole barometric 
steel column is in the suction pipe and no steel flows 
into the vacuum vessel itself. If the lifter is lowered 
without changing the pressure, the steel will flow into 
the vessel so long as the same barometric pressure is 
maintained. Lifting and lowering is repeated con- 
tinuously until the desired degree of purity is achieved 
for the total content of the ladle. The vacuum lifter 
is electrically heated to counteract the cooling of the 
steel during vacuum treatment. This also keeps the 
temperature in the vacuum lifter, even during the 
intervals between the treatment cycle, so high that 
the efficiency of the refractory lining is not impaired 
by a change of temperature. Vigorous gas emission 
in the vacuum lifter allows the oxygen and hydrogen 
contents of the steel to be reduced to values that 
cannot be achieved under atmospheric pressure. The 
steel is then teemed in the normal way or under a 
screen of protective gas. By introducing the degassing 
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Fig. 2—Vacuum.-lifter plant 
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Fig. 4—Influence of vacuum treatment on non-metallic 


inclusions. Unalloyed 45-ton ingot containing 
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process between tapping and pouring, this method 
complies with the requirement mentioned earlier that 
a production-scale degassing process must not inter- 
fere with the normal flow of operations in the steel- 
works and must also be independent of the ingot size. 

It is possible to vary the concentration of materials, 
the pressure, and the temperature in the vacuum 
lifter within certain limits. Steel quality can be 
influenced in- many ways and with graded effects. 
The effect of such variations is so pronounced that 
it is impossible at present to predict the range of 
application of the degassing method. However, the 
operational results achieved so far with the vacuum 
lifter prove that this method can profitably be used 
for numerous purposes. Although it is not yet possible 
to supply a vacuum lifter for each steel quality, com- 
plete with operating instructions, the results so far 
achieved show that it is worthwhile investigating the 
possibility. In many cases it will be sufficient to 
remove only a proportion of the oxygen to achieve 
excellent results. If necessary, the balance can be 
removed by chemical means using conventional 
deoxidizing agents. The surface of the steel in the 
vacuum lifter is free of slag, and so additions that are 
easily oxidized do not lose any of their efficiency 
before they enter the steel, by contact with the 
oxygen content of the air or of the slag. Satisfactory 
results can be achieved by a suitable combination of 
deoxidizing agents and vacuum treatment. When 
the steel has been vacuum-degassed and, if required, 
additionally treated by the introduction of deoxidizing 
agents, and has been run back into the ladle, the 
degree of deoxidization obtained is greater than that 
resulting from any other known method. The repeated 
drawing-off and flowing back of the steel allows a 
high degree of uniformity of composition to be 
attained. Vacuum treatment of the steel in small 
amounts means that it is possible to adjust the amount 
of degassing carried out to the deoxidation required. 


INFLUENCE OF VACUUM TREATMENT ON 
UNALLOYED OPEN-HEARTH STEELS 


To suit the production programme of Dortmund- 
Hérder Hiittenunion AG, degassing has been carried 
out so far chiefly on unalloyed stéel grades containing 
0-05-0-65°4C and to a lesser extent on free-cutting 
steel, spring steel, manganese steel, and low-alloy 
chromium steel. Up to the present about 40,000 tons 
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of steel have been degassed with the vacuum lifter 
in the open-hearth shop. The degassed steel has been 
used for a wide variety of applications. 

It would be impossible to give in this paper the 
whole series of test results recorded during the various 
processing stages of the vacuum-treated steel, includ- 
ing the satisfactory results confirmed by end users. 
Attention will be confined to examples that show 
the basic effect of degassing with the vacuum lifter. 

This method was primarily tried out on steel for 
high-duty heavy forgings, in which a high hydrogen 
content and non-metallic inclusions have always given 
rise to a large number of rejects. 

Hydrogen is particularly detrimental in alloy steels, 
but it is of minor importance in forgings of unalloy ed 
steel produced by Dortmund Hérder-Hiittenunion 
AG. Nevertheless, before the installation of the 
vacuum lifter the works occasionally discovered 
defects due to the hydrogen content. Since the intro- 
duction of degassing there have been no indications 
of defects from this cause. Moreover, for more than 
a year the works have been able to dispense with the 
long- time process annealing previously needed to 
reduce the hydrogen content in untreated steel. The 
slow cooling rate is no longer necessary. Heavy 
forgings produced from unalloyed vacuum-treated 
steel can be left to air-cool without danger. These 
facts are better proof of the influence of the vacuum 
lifter on the hydrogen content of unalloyed steels 
than figures that depend on the uncertain factor of 
the method of sampling. Experience so far has shown 
that it will be sufficient so far as the production 
programme of Dortmund-Hérder Hiittenunion AG is 
concerned if the hydrogen content is reduced to half 
the original value. For this reason, there have been 
no scheduled tests to find out the extent to which 
hydrogen could be reduced by means of the vacuum 
lifter if necessary. 

No products of Dortmund-Hérder Hiittenunion 
AG are more susceptible to the disadvantages of non- 
metallic inclusions than heavy crankshafts for ships. 
Very often defects are only discovered during finish- 
machining of the crank pins, which involves a heavy 
loss in terms of machining cost. It was for this 
application that investigations into the possibility of 
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Fig. 5—Influence of vacuum treatment on oxygen 
centent. Unalloyed 45-ton ingots containing 0-35%C 
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degassing steel melts began, to find out how much 
the purity of the steel could be increased. 

Operating conditions at the plants of Dortmund- 
Hoérder Hiittenunion AG for producing sound crank- 
shafts were particularly unfavourable before the 
installation of the vacuum lifter. The steel had to 
be refined in 150-ton open-hearth furnaces equipped 
for mass production; this meant that production of 
ssiaiotiaiie was unprofitable. Long before the 
vacuum lifter was installed, the high percentage of 
rejects had made it necessary to buy forging-grade 
ingots for crankshafts from other steelworks producing 


high-grade steel. 


Untreated 
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Fig. 6—Influence of vacuum treatment 
on distribution of non-metallic in- 
clusions in unalloyed 45-ton ingots 
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Only in this way could the rejects be sufficiently 
reduced to permit the production of crankshafts. 
But the economics of operation were still not satis- 
factory. Only when the vacuum lifter was installed 
was improvement in quality of forging-grade ingots 
possible to the required degree and steel made in the 
normal melting shop could be used economically. 

Crankshafts produced from untreated steel from 
the melting shop have not been made for so long that 
the crankshafts now produced from vacuum-treated 
steel can only be compared with those made by other 
companies. The untreated forging-grade steels 
described below are therefore those produced by other 


Table I 


INFLUENCE OF VACUUM TREATMENT ON RESULTS OF ANALYSIS BY RESIDUE 





Chemical Composition of Steel 


Cu, % Cr, % Mo, °, 


Untreated 0-13 1-01 0-09 


Vacuum -treated 1-00 0-09 


Chemical Composition of Oxide Residue 


Sample No. 
Residue, SiO,, Al,O,, FeO, Cr,O,, 
21. 1. e1. g/l. @/1. 


Determined, | Calculated, 
10° ©, a6 ¢ 





2350 BA/R 

2351 BA/M 
Untreated 

2352 B/R 


2353 B/M 


2346 BA/R 
2347 BA/M 
2348 B/R 
2349 B/M 


Vacuum -treated 
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Fig. 7—Influence of vacuum treatment on particle size of oxide inclusions. 
‘(a) Vacuum-treated sample no. 2347; (6) untreated sample no. 2351 


companies. This also explains why different deoxidiz- 
ing agents have been used with treated and untreated 
steel. 

Figure 4 shows the effect of vacuum treatment on 
the amount and distribution of non-metallic inclusions 
in crankshafts. The top and bottom parts of the 
ingots were the crankshaft ends from which the test 
specimens were taken. The tests covered 35 ingots 
produced from untreated steel and 28 ingots produced 
from vacuum-treated melts containing 0-22-0-45%,C: 
ingot weight was in all cases 45 tons. The untreated 
melts were deoxidized in the ladle by the addition of 
calcium-silicon (CaSi). Ferro-silicon (FeSi) was added 
under vacuum to the vacuum-treated melts after 
extensive degassing. Test specimens taken from the 
steel were electrolytically treated to determine the 
degree of purity. Figure 4 shows the residues of the 
electrolytic treatment in grammes per ton of steel. 
Treatment with the vacuum lifter allowed a large 
reduction in non-metallic inclusions, and furthermore 
the differences between top and bottom became of 
minor importance. 

Figure 5 shows the results of a further series of tests 
on heavy crankshafts. The non-metallic inclusions 
differ from ingot to ingot. These tests only concerned 
crankshafts produced from unalloyed 45-ton forging- 
grade ingots containing 0-35%C, of which 18 were 
produced from untreated and 27 from vacuum-treated 
melts. Test specimens were taken in the same way 
as those described in Fig. 4. It was not thought 
necessary to test all the top ends of the vacuuin- 
treated ingots, because most of the non-metallic 
inclusions are generally contained in the bottom ends. 
In spite of some variations, which are so insignificant 
that they may be attributed to differences in teeming 
conditions, oxide inclusions in crankshafts produced 
from vacuum-treated steel are only about 40%, of 
those in crankshafts from untreated steel melts. 

Figure 6 shows the distribution of non-metallic 
inclusions over the cross-section of the ingots. The 
amount of inclusions is expressed in grammes per ton 
of steel resulting from electrolytic treatment of test 
specimens taken from the core, intermediate layer. 
and outer layer of some 45-ton ingots. The bottom 
part of ingots of vacuum-treated steel in particular 
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have fewer and more uniformly distributed inclusions. 
In only one case was the mid-section of the ingot 
tested. The smallest number of non-metallic inclusions 
were discovered in this part of the ingot. 

About 5500 tons of vacuum-treated steel have to 
date been processed into 121 crankshafts, of which 
80 have already been finish-machined and dispatched; 
15%, were rejected when finished. This is a consider- 
able improvement in that the Company’s earlier net 
output was so bad that the figures were never 
published. If anyone intends to make a comparison, 
he should find out for himself the situation obtaining 
in his own plant. It should be borne in mind that 
Dortmund-Hérder Hiittenunion AG is primarily a 
mass-production steel company. 

Another advantage which the vacuum lifter offers 
from the forging standpoint is the better closing of 
secondary pipe. This phenomenon can better be 
followed up during rolling, and so a detailed descrip- 
tion is given later in the section dealing with rolled 
products. 

Many and extensive tests will be necessary before 
quantitative data can be given about changes caused 
by the vacuum lifter in high-duty heavy forgings, but 
there is already clear evidence of the advantages it 
can offer. For example, it is economical for the forging 
shop to pay for each ton of vacuum-treated steel an 
additional amount equivalent to five times the 
maximum cost of the vacuum treatment. It must 
be taken into consideration, moreover, that the 
vacuum lifter referred: to in this paper is the first 
installation of its kind, and has not yet achieved its 
optimum efficiency. 


Table If 


SECTIONS WITH PIPE OBSERVED DURING 
ULTRASONIC TESTING 





Hot-rolled | 
Strip 
I Ill IV 


Slab Ingot Slab Plate 





Untreated 


Vacuum- 
treated 
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The satisfactory results of applying vacuum treat- 
ment to steel melts for the production of heavy 
forgings led to the process being tried on a larger scale 
on steels intended for other uses. However, the tests 
on alloy steels had to be limited to low-alloy steels 
because Dortmund Hérder Hiittenunion AG is not 
equipped for the production of high-alloy steels. 

In order to get an idea of the influence of chromium 
and manganese additions on the degassing process, 
half a 150-ton melt containing 0-15%C, 1-0 Mn, 
and 1-0%Cr was subjected to vacuum treatment. 


Apart from the vacuum treatment, both portions of 


the melt were given the same treatment as regards 
the metallurgical process and shaping. Four test 
specimens were taken from identical locations in the 
pieces at the same stage of hot-working. The analysis 
of these test specimens and the result of the analysis 
by residue are included in Table [. In evaluating the 
results, allowances must be made for the fact that 
the steel was melted in a large furnace, which naturally 
does not operate so accurately as smaller furnaces. For 
this reason, less weight should be given to the actual 
values for oxygen content and oxide inclusions than 
the fact that treatment with the vacuum lifter allowed 
a reduction of about 50%, of the total oxide residues. 
The composition of the residues and the steel was not 
appreciably changed. Only the FeO and MnO con- 
tents deviate from the average. But the percentage 
of these components in the residue and the number 
of test values are too small to justify any inference 
from these observations. The large reduction of the 
oxide residue is no less impressive than the change 
of average size of the single particles shown in 
Fig. 7. 

It is remarkable that no aluminium was added in 
the ladle to the vacuum-treated steel or to the un- 
treated melt. 


It has already been mentioned that the closing of 


secondary pipes is easier in vacuum-treated than in 
untreated steel. This phenomenon, which is of utmost 
importance for the net output, has been investigated 
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on samples of 40 slab ingots rolled into plates and 
sheets. The weight of the slab ingots ranged from 
14 to 21 tons, and they had been top-poured without 
sinkhead. The steels had been deoxidized by adding 
aluminium. The slab ingots, slabs, plates, and hot- 
rolled strip were subjected to ultrasonic testing or 
inspection of the sectional areas. The test results are 
given in Table II. The tops of all the slab ingots 
had pipe formed during teeming; the size was not 
influenced by vacuum treatment. The slab ingots of 
both melts. were rolled into similar-sized slabs. With 
the untreated steel, 35°, of the slabs still contained 
shrinkage pipe, whereas with the vacuum-treated steel 
this proportion was only 20%. Rolling the slabs into 
heavy plates led to a further closing of the remaining 
shrinkage pipes, which decreased to 15% with the 
untreated and to less than 5% with the vacuum- 
treated steel. After rolling the slabs into hot-rolled 
strips the untreated steel generally still shows about 
1-5% shrinkage pipe, whereas in the vacuum-treated 
steel this was in all cases welded together. 

After the steel has been rolled into small sections 
a large number of specimens can be taken without 
difficulty, which explains why the investigation has 
covered such a very wide range, since, in addition to 
forgings, rolled products have been made from 
vacuum-treated steel to an increasing extent. These 
comparative investigations of vacuum-treated and 
untreated steels, having been designed on a large 
scale and supported by fundamental research and 
careful determination of the behaviour in service, have 
led to valuable results. However, it is not proposed 
to make a detailed statement on this, since the 
interpretation of all the new data is not complete 
The small number of results reported, however, should 
be sufficient to prove that with the vacuum-lifter 
process the degree of purity and the gas content of 
plain carbon and low-alloy steels can be controlled 
Furthermore, the example of the heavy crankshafts 
shows that the use of the vacuum lifter can prove 
to be of economic benefit. 





Sea-Water Magnesia Plant 


The 1958 Meeting of the Refractories Association of 


Great Britain was held at Scarborough in September. 
During the course of the Meeting, members were invited 
by the President, Mr. Neil M. Peech, to visit the sea-water 
magnesia works of the Steetley Company Ltd., of which 
he is Chairman. 

The present 24-acre coastal site was acquired in 1937. 
and a pilot-plant was installed; Mr. Peech had recognized 
the potentialities of the process, and it was on his 
initiative that this plant was built, despite the scepticism 
of many people. He was encouraged in the venture by 
Mr. R. F. Summers and by Sir Andrew Duncan. In 1938 
a full-scale plant was put down, the first of its kind in 
the world, with a scheduled annual capacity of 10,000 
tons. There were many teething troubles to be overcome. 
but by 1939 production had reached 4,000 tons. 

During the war the demand for magnesia increased 
tremendously, since it was a major source of magnesium 
metal, and the capacity of the plant was repeatedly 
increased. By 1952 output had reached 54,000 tons 
annually, and this has now been raised to 150,000 tons 
in 1958. The bulk of the production is now supplied to 
the refractories industry. The British industry is now 


NOVEMBER, 1958 


no longer dependent on Austrian magnesite, and the cost 
of Britmag, the trade name for the sea-water magnesia, 
is low enough for it to compete with natural magnesite 
in overseas markets. 


One of the three settling tanks at the Hartlepools 
Sea-Water magnesia plant 
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THE IRON AND STEEL INSTITUTE 
Autumn General Meeting 


The Autumn General Meeting is being held in London on 
10th December; the 11th Hatfield Memorial Lecture and 
the 38th Meeting of the Iron and Steel Engineers Group 
will also take place in conjunction with the Meeting. The 
full programme is as follows: 


Tuesday, 9th December 

6.00 p.m. Weir Lecture Hall, Institution of Naval 
Architects, 10 Upper Belgrave Street, 
London 8.W.1 (tickets Not required). 
llth Hatfield Memorial Lecture: ‘‘ The 
Mechanical Properties of the Ferrite 
Crystal,” by Dr. N. P. Allen, F.R.s. 


Wednesday, 10th December 


Autumn General Meeting 
Morning Session 

(at 4 Grosvenor Gardens, London 8.W.1) 
10.0— Formal business and election of Members. 
10.15 a.m. 
Session A—Continuous Casting of Steel 
(at 4 Grosvenor Gardens, London, 8.W.1) 
Introductory talk and presentation of the 
following papers (discussed at Charleroi 
during the Journées Internationales de 
Sidérurgie) by Mr. G. N. F. Wingate 
(Distington Engineering Co., Ltd.): 

“* Continuous Casting on the B.L.S.R.A. Experi- 
mental Plant,”’ by G. Fenton and J. Pearson 
(Journal, June, 1958) 

** Continuous Casting at the Centre National de 
Recherches Métallurgiques,”’ by J. Zaeytydt 
(October, 1958) 

“Control of Flow of Liquid Metal during 
Continuous Casting,” by W. Siegfried and B. 
Broniewski (October, 1958) 

* Continuous Casting of Steel in France,” by P. 
Thomas (October, 1958) 

“Continuous Casting of Steel in Western 
Germany,” by K. G. Speith and A. Bungeroth 
(October, 1958) 

** New Experience in the Continuous Casting of 
Steel,” by H. Krainerand B. Tarmann (October, 
1958) 

“Continuous Casting at Atlas Steels Ltd., 
Welland, Ontario, Canada,” by G. C. Olson 
(September, 1958) 

Showing of films on continuous casting at 
Cail, Atlas, Jessops, and Barrow. 
12 noon-1.15 p.m. Presentation and discussion of the 
following papers (both to be preprinted): 
“* Continuous Casting at Barrow,” by J. M. D. 
Halliday. 1 
“ Continuous Casting of Steel in the U.S.8.R.,” 
by M.S. Boichenko, V.S. Rutes, D. P. Evteev, 
and B. N, Katomin. 


Session B—Creep in Steels 
(at the Institution of Naval Architects, 10 
Upper Belgrave Street, London, 8.W.1) 
Presentation and discussion of the follow- 
ing papers: 
“* A New Approach to the Problém of Creep,” by 
J. Glen (August, 1958) 


10,30 a.m. 


10.45 a.m. 


10.30 a.m.— 
1.15 p.m. 
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“The Effect of Alloying Elements on Creep 
Behaviour,” by J. Glen (October, 1958) 

* Ductility in High-temperature Rupture Tests,” 
by J. Glen (September, 1958) 

“Recent Developments in Creep. Testing. by 
the Cantilever Bending Method,” by G. T. 
Harris, H. C. Child, A. B. Collier, and C. F. 
West (October, 1958) 


Afternoon Session 


2.30—5.30 p.m. Two simultaneous technical sessions: 
Session A (contd.)—Continuous Casting of 
Steel (at 4 Grosvenor Gardens, London, 
8.W.1) 
Showing of film from B.I.S.R.A., intro- 
duced by Dr. J. Pearson. 
Presentation of the following papers: 
** Solidification Characteristics of Continuously 
Cast Low-carbon Steel,”’ by C. F. Schrader, 
M. Tenenbaum, and L. Mair (to be preprinted) 
* Continuous Casting of High-speed Steel,’”’ by 
B.H.C. Waters, W.H. Pritchard, A. Braybrook, 
and G. T. Harris (November, 1958) 
4.0—5.30 p.m. General discussion on continuous casting 


Session C—-Hydrogen in Weld Metal (Joint 
Meeting with The Institute of Welding) (at 
the Institution of Naval Architeets, 10 
Upper Belgrave Street, London, S.W.1.) 
Presentation and discussion of the follow- 
ing papers (all published in the British 
Welding Journal): 

*“ Hydrogen Content of Mild and Alloy Steel 
Weld Deposits,”’ by P. D. Blake (March, 1957) 

‘* Measurements on the Diffusible, Residual, and 
Total Hydrogen Contents of Weld Metal,” by 
P. D, Blake (March, 1958) 

“ Effect of Diffusible Hydrogen on the Mech- 
anical Properties of Weld Metal,” by P. D. 
Blake (December, 1958) 

“Hydrogen in Mild-steel Weld Deposits,” by 
N. Christensen and R. Rose (December, 1955) 

‘** Hydrogen in Mild-steel Weld Deposits,” by NV. 
Christensen, K. Gjermundsen, and R. Rose 
(June, 1958) 

* Effects of Hydrogen in Wrought Steel and 
Ferrous Weld Metal,” by P. D. Blake and W. I. 
Pumphrey (to be preprinted) 


Thursday, 11th December 


38th Meeting of the Iron and Steel Engineers 
Group on ‘‘ Vacuum Processes in the Iron 
and Steel Industry’? (at 4 Grosvenor 
Gardens, London, 8.W.1). 


2.30 p.m. 


3 p.m. 


Morning Session 


10 a.m.— 
1 p.m. 


Presentation and discussion of the follow- 
ing papers: 

“Vacuum Degassing of Steel with the Vacuum 
Casting Method of Bochumer Verein,” by G. 
Bandel 

“Vacuum Pouring of Ingots for Heavy Forg- 
ings,” by J. H. Stoll 

“The Vacuum-lifter Process of Dortmund- 
Hérder Hiittenunion AG,” by F. Harders 

“Vacuum Casting of Heavy Forging Ingots,” 
by J. Levaux and L. Hanon 
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“Equipment used for Vacuum Melting and 
Casting in the Iron and Steel Industry,” by 
A.S. D. Barrett and M. Harper 
Afternoon Session 
2.30- Presentation and discussion of the follow- 
4.30 p.m. ing papers: 
* Vacuum Induction Melting at Utica,” by F. N. 
Darmara 
“Vacuum Melting of Steels,” by H.C. Child and 
G. T. Harris 
“The Behaviour of Various Elements in 
Vacuum Steel Melting,” by G. M. Gill et al. 
Preprints of these papers will be sent to all Members 
attending the Engineers’ Group meeting. 


NEWS OF MEMBERS 


Dr. N. P. Allen, r.n.s., has been elected a Vice-President 
of The Institution of Metallurgists. 

Dr. W. A. Baker has left the British Non-Ferrous 
Metals Research Association to join the Northern 
Aluminium Co., Ltd. 

Mr. W. E. Ballard has been elected President of The 
Institution of Metallurgists for 1958-1959. 

Mr. N. R. R. Brooke is a member of the Board of the 
Development Corporation for Wales. 

Mr. A. Cibula has been appointed Joint Research 
Superintendent of the British Non-Ferrous Metals 
Research Association. 

Mr. W. J. G. Cosgrave is now Metallurgist to the 
Midland Sales Area for the Electric Furnace Co., Ltd., 
and the Electric Resistance Furnace Co., Ltd. 

Mr. J. T. W. Dewar is now Managing Director of Firth- 
Vickers Stainless Steels Ltd., following the retirement of 
Mr. C. E. Holmstrom. 

Mr. R. Eborall has been appointed Joint Research 
Superintendent of the British Non-Ferrous Metals 
Research Association. 

Dr. T. P. Hoar is to receive the Whitney Award of the 
National Association of Corrosion Engineers for 1957. 

Mr. C. E. Holmstrom retired on 28th July from the 
post of Joint Managing Director of Firth-Vickers Stain- 
less Steels Ltd., after 46 years with the Company and its 
predecessors. He has been appointed a non-executive 
Director. 

Dr. D. H. Houseman has been appointed Head of the 
Metallurgy Department of Sir John Cass College. 

Sir Walter Benton Jones, nr., has been appointed a 
member of the new governing body of Ashridge College, 
Berkhamsted. 

Dr. Ing. J. Koritta is now Professor at Prague Uni- 
versity. 

Mr. G. Meikle has been elected a Vice-President of 
The Institution of Metallurgists. 

Mr. U. le Paige is now Directeur Technique of the 
S.A. Métallurgique d’Espérance-Longdoz. 

Mr. E. J. Pode is Deputy Chairman of the Development 
Corporation for Wales. 

Mr. E. Ross has joined the Research and Development 
Branch of the U.K. Atomic Energy Authority as a Senior 
Scientific Officer. 

Mr. M. N. Saxena is now Reader in Mechanical Engi- 
neering (Metallurgy) at the University of Rourkee, India; 
he recently left for the U.S.A. to work for his research 
degree in the Department of Mining and Metallurgy at 
the University of Wisconsin. 

Mr. D. RB. Sen is now Assistant to the Technical 
Industrial Management Department and Production 
Control at Klécknerhiitte Bremen AG. 

Mr. H. J. Sharp has been awarded the degree of Ph.D. 
by London University. 

Mr. A. Smithson has been appointed General Sales 
Manager of Hartons Installations Ltd. 
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Mr. H. F. Spencer is a member of the Board of the 
Development Corporation for Wales. 

Mr. F. W. E. Spies has been promoted to Assistant 
Director of the Royal Dutch Blast Furnaces and Steel- 
works Ltd., IJmuiden. 

Sir Geoffrey Summers, st., c.8.z., is a member of the 
Board of the Development Corporation for Wales. 

Mr. C. R. Wheeler, c.8.8. (President), is a member of 
the Board of the Development Corporation for Wales. 

Mr. F. Wild has been appointed Section Leader of the 
Mechanical Test Section in the Metallurgy Department, 
Research Division, of A. V. Roe and Co., Ltd. 

Mr. F. 8. Wilson has joined the English Steel Corpora- 
tion Ltd., as a metallurgist in the foundry. 


Obituary 


Mr. John Gray Buchanan, J.P. (elected 1937), of London, 
on 22nd April, 1958. 

Mr. Thomas Wilton Hand, m.1.mecu.. (elected 1917), 
of Hathersage, Derbyshire, on 29th August, 1958. 

Mr. George Husband, 4.M.1.mecH.&. (elected 1953), of 
Stockton-on-Tees, on 24th September, 1958. 

Mr. Frederick Hamilton Keating (elected 1935), of 
Eaglescliffe, Co. Durham, on 16th August, 1958. 

Mr. Charles Benjamin Lang (elected 1938), of Montreal, 
Canada, in February, 1958. 

Mr. Frederick A. McCoy (elected 1951), of Kansas City, 
Mo., U.S.A., on 25th August, 1958. 

Mr. Arthur Poole, M.1.mecu.x. (elected 1933), of Shef- 
field, on 16th July, 1958. 

Mr. Francis Bowyer Rice-Oxley 
London, on 18th August, 1958. 


AFFILIATED LOCAL SOCIETIES 


East Midlands Metallurgical Society 


The Officers and Committee of the Society for the 
1958-1959 session are: 
President 
N.S. Angus, A.MET., A.I.M. 


(elected 1936), of 


Vice-President 
H. E. Gresham, B.SC., A.R.1.¢. 
Treasurer 
E. D. Knights, B.sc., F.1.M. 


Secretary 
P. A. Blackwell, B.sc., A.1.M. 
Committee 
M. McIntyre, B.sc., A.1.M. 
H. L. Parker, 4.2.1.0. 
T. Parry, F.1.M. 


A. R. Bingham, A.1.M. 
E. Darley, A.MET. 
H. K. Lloyd, PH.D., A.1.M. 


Sheffield Society of Engineers and Metallurgists 

The Honorary Secretary of the Society is now Dr. J. F. 
Wallace, Department of Mechanical Engineering, The 
University, St. George’s Square, Sheffield 1. 


Swansea and District Metallurgical Society 


The Officers and Council of the Society for the 
1959 session are: 


President 
R. Higgins, 0.8.£., PH.D., B.SC., F.1.M. 
Vice- Presidents 
D. W. Hopkins, m.sc 
Honorary Treasurer 
L. A. 8S. Perrett, F.1.M. 


8S. 8S. Carlisle, m.sc. 


Joint Honorary Secretaries 
. J. A. Thomas, B.sc, P. E. Morgan, L.1.M. 
Council 
. A. Cooke (Chairman) D. J. D. Unwin, 
. H. Cunniffe, c.B.£. F.R.I.C., A.1.M. 
. MeVicar R. L. Williams 
. Mackay D. A. Bishop, A.1.M. 


B.SC., 


R. H. Pullen 
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ANNOUNCEMENTS AND NEWS 


J. BR. Brown R. F. Hellon 


CONTRIBUTORS TO THE JOURNAL 


R. Brown, B.A. (Hons.)—Head of Metal Physics 
Section, G.K.N. Group Research Laboratory (author of 
paper in October issue). 

Mr. Brown was educated at Wellington Grammar 
School and St. John’s College, Oxford, where he read 
physics, obtaining the degree of B.A.(Hons.) in 1948. 
He then entered the Research Department of the 
Imperial Smelting Corporation, and worked there until 
1951, when he joined his present organization. Mr. Brown 
has been working chiefly on X-ray diffraction, preferred 
orientation in silicon-iron, and thermodynamics of 
metals. 

R. F. Heilon, p.pxtm., ».sc. (HoNs.)—Climate and 
Working Efficiency Unit, Medical Reseerch Council, 
Oxford (author of paper in October issue). 

Dr. Hellon was educated at Merchant Taylors’ School, 
Crosby, and Liverpool University, where he obtained a 
B.Sc. (Hons.) degree in physiology in 1949. After two 
years at the Clothing and Equipment Physiological 
Research Establishment (Ministry of Supply), he joined 
the scientific staff of the Medical Research Council, to 
work with the Climate and Working Efficiency Unit in 
the Department of Human Anatomy, Oxford. He 
obtained the degree of D.Phil. in 1957. Dr. Hellon’s 
work has been concerned mainly with the effects of high 
temperature on man, and in particular with acclimatiza- 
tion and the effects of age on reactions to heat. 


THE INSTITUTE OF METALS 
Spring Meeting, 1959 
The Institute’s Spring Meeting will be held in London 
on Tuesday, Wednesday, and Thursday, 14th—16th April, 


1959. The Annual Dinner—Dance will take place on the 
evening of Wednesday, 15th April. 


Election of Honorary Members 


The following elections to Honorary Membership of 
the Institute were announced recently: 
Sir John Cockcroft, 0.m., K.c.B., F.R.S. 
Sir Christopher Hinton, K.B.£., F.R.S. 
Professor Dr. phil. Dr.-Ing. E.h. Werner Késter. 
In addition, Professor Dr. Ing. Aifred von Zeerleder 
has been elected a Fellow of the Institute. 


Beilby Memorial Awards 


Two awards, each of one hundred and fifty guineas, 
have been made by the administrators of the Sir George 
Beilby Memorial Fund, to: 

Mr. B. E. Hopkins, m.sc., in recognition of his work 
in physical metallurgy. 

Dr. E. C. Potter, in recognition of his work on 
electrochemistry and the corrosion of metals. 
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BRITISH NUCLEAR ENERGY CONFERENCE 


Forthcoming Meetings 
The following meetings have been arranged by con- 
stituent societies for the 1958-1959 session: 

13th Nov.—“ Electrification of U.K.A.E.A. Industrial 
Group Factories,” by J. W. Binns and W. G. 
Outram—Institution of Electrical Engineers, Savoy 
Place, London, W.C.2, 5.30 p.m. 

26th Nov.—‘ Recent Advances in Nuclear Engineer- 
ing ’’ (Sir Charles Parsons Memorial Lecture), by 
Sir John Cockcroft—ZInstitute of Marine Engineers, 
76 Mark Lane, London, E.C.3, 5.30 p.m. 

4th Dec.—‘‘ Thermonuclear Processes,” by D. W. 
Fry—JInstitution of Electrical Engineers, 5.30 p.m. 

5th Dec.—‘‘ An Experimental Investigation into the 
Stress Distribution in a Band-reinforced Pressure 
Vessel,”” by K. G. Mantle, N. Marshall, and P. J. 
Palmer—Institution of Mechanical Engineers, | Bird- 
cage Walk, London, 8.W.1, 6 p.m. 

15th Jan.—‘“ Electrical Installation at Calder Hall 
Power Station,’’ by N. J. Mackay and E. Hardwick 
—Institution of Electrical Engineers, 5.30 p.m. 

22nd-23rd Jan.—Two-day Symposium on Nuclear 
Fuel Cycles, sponsored by The Institute of Physics. 

28th Jan.—‘‘The Design of Electro-mechanical 
Auxiliaries directly associated with Power-producing 
Reactors,”” by A. E. Harwood et al.—Institution of 
Electrical Engineers, 5.30 p.m. 

llth Mar.—All-day Lecture Symposium on the 2nd 
International Conference on the Peaceful Uses of 
Atomic Energy (details to be announced later). 


EDUCATION 


School of Welding Technology 


Following the success of the first year of its School of 
Welding Technology, when nearly 400 engineers attended 
courses, the Institute of Welding is offering a wider range 
of courses for the 1958-1959 Session. Courses on welding 
in shipbuilding, inspection and testing, training of 
welders, brazing technology and design, welded storage 
tanks, metal spraying, and welded design and construc- 
tion in corrosion- and heat-resisting materials will be held 
in London, and a course on the detail design of welded 
structural steelwork is being run in Glasgow. 

Prospectuses and enrolment forms may be obtained 
from the Secretary, The Institute of Welding, 54 Princes 
Gate, London, 8.W.7. 


‘“‘ The Cast Structure in Metal Founding ” 


A course under the above title dealing with theoretical 
and practical aspects of structure in castings is being 
held from 15th to 17th December at the Department 
of Industrial Metallurgy, the University, Edgbaston, 
Birmingham 15 (fee two guineas). 


Expansion of Technical Education 
The Government’s plans for the expansion of technical 


education are outlined in a pamphlet, ‘‘ Britain’s Future 
and Technical Education,’’ published recently by the 
Ministry of Education, with the full support of the 
Federation of British Industries, the Trades Union 
Congress, the British Employers’ Federation, and the 
Association of British Chambers of Commerce. The 
pamphlet describes the pattern being followed in the 
development of technical colleges in England and Wales, 
and shows how industry and commerce can play their 
part in the nation-wide scheme. 

In a foreword, Mr. Geoffrey Lloyd, m.P., Minister of 


NOVEMBER, 1958 




















Education, stresses the fact that the scheme can only 
succeed if it has the full backing of industry; without 
this, “‘ we cannot be sure of having courses of the right 
type, or the students to put in them, or teachers to man 
them.” The immediate future offers a great challenge, 
since the “ bulge ” will shortly be leaving school to enter 
the labour market; if steps are taken to deal with this 
group in good time, it can be of immense value in 
remedying the present shortages of skilled manpower. 


NEWS OF SCIENCE AND INDUSTRY 


Film on Gear Manufacture 


Shell-Mex and B.P. Ltd. have produced a new film 
entitled “‘An Introduction to Modern Gears,’ con- 
tinuing its policy of making instructional films for use 
in technological training. The present film is especially 
welcome, since there is no other general film on gear 
manufacture available. The technical advice of Dr. H. E. 
Merritt ensured that it would be authoritative in its 
field, and the co-operation of many leading manufactur- 
ing companies helped to make it as comprehensive as 
possible. 

The film takes the form of a lecture, and is intended 
for use in schools, technical institutes, and industrial 
training centres. It begins with a recapitulation of the 
main functions of gears, and then classifies them into 
two major groups. The principles of gear design are 
discussed, and techniques for cutting and generating gear 
teeth are detailed. Methods used in research and testing 
are described, and the film ends with some contrasting 
examples of gear trains in present-day use. 

The film is in black-and-white, and runs for 31 minutes; 
copies are available in both 35- and 16-mm gauge. 


Electric Steel Makers’ Guild 


The Electric Steel Makers’ Guild was formed recently 
to promote progress in electric furnace steel manufacture. 
Membership is limited to executives who are regularly 
employed in the manufacture of steel in electric furnaces 
for commercial use. Informal meetings are held three 
times a year. The President is Mr. F. T. Bagnall (Samuel 
Fox and Co., Ltd.) and the Vice-President Mr. A. 
Mettam (English Steel Corporation). The Secretary- 
Treasurer, from whom more details can be obtained, is 
Mr. W. H. Everard, Edgar Allen and Co., Ltd., Imperial 
Steel Works, Sheffield 9. 


“ Steel—Key to Britain’s Future ” 


This is the title of a series of articles published recently 
by the News Chronicle and edited by Sir Oscar Hobson, 
City Editor. They have now been reprinted in booklet 
form, and copies are available, price ls. 6d., from the 
News Chronicle Book Department, 12/22 Bouverie Street, 
London, E.C.4. The articles survey the British steel 
industry and its position in the country’s economy, and 
relate it to world markets; there is also an excellent short 
survey of new processes by Dr. T. P. Colclough. 


New Furnace Company 


Negotiations between Birlec Ltd. and Efco Ltd. for 
the formation of a new company, to take over certain 
sections of their business, have reached an advanced 
stage. The new company, to be known as Birlec—Efco 
(Melting) Ltd., will be responsible for the design and 
supply of all types of electric melting furnaces for the 
metal industries, together with smelting furnaces and 
induction heating equipment. The two parent companies 
will continue independently to manufacture their respec- 
tive heat-treatment furnaces and other plant. 





NOVEMBER, 1958 


ANNOUNCEMENTS AND NEWS 





315 





Institute of Welding 


The Autumn Meeting of The Institute of Welding will 
take place at the Offices of the Institute, 54 Princes Gate, 
London, 8.W.7, from 5th to 7th November. The Annual 
Dinner is being held at the Park Lane Hotel on the 
evening of Wednesday, 5th November; the Principal 
Guest will be the Rt. Hon, Aubrey Jones, P.c., M.P., 
Minister of Supply. 


Opening of New Forge 


The Rt. Hon. Lord Piercy, o.8.£., Chairman of the 
Industrial and Commercial Finance Corporation Ltd., 
performed the opening ceremony for the new light forge 
of Walter Somers Ltd., Halesowen, on 15th October. 


_Corrigenda 

Owing to a printer’s error, the second equation in the 
first paragraph on p. 315 of the paper by Dr. J. D. Hobson 
entitled “ The Diffusion of Hydrogen in Steel at Tempera- 
tures of — 78° to 200° C ” (J.1.S.1., 1958, Aug., vol. 189) 
was incorrect; it should have been: 

D = 1-5 X 10 e ~6000/T for y-iron 

In the discussion on electrical maintenance in iron and 
steelworks (J.I.S.J., 1958, Aug., vol. 189), there is an 
error in Mr. R. C. Stott’s contribution. On p. 73, left- 
hand column, in the last paragraph of his contribution, 
line 3, there is a reference to “ solid bearings or roller 
bearings’; this should read ‘sealed ball or roller 
bearings.” 

DIARY 


3rd Nov.—Cievetanp InstirutTion or Enoingeers—President’s 
Address, by T. H. Stayman—Cleveland Scientific and Technical 
Institution, Middlesbrough, 6.30 p.m. 

4th Nov.—SHEFFIELD METALLURGICAL ASSOCIATION, SHEFFIELD 
Society or ENGINEERS AND MeraLiureists, and Tae [ron 
AND Sree. Instrrure—“ Furnace Design and Steelmaking 
Techniques,” by C. Holden—B.1.8.R.A. Laboratories, Hoyle 
Street, Gretnelte 7 pan. 

5th-7th Nov.—Instirvure or We.pivnc—Autumn Meeting—54 
Princes Gate, London, 8.W.7. 

5th Nov.—Instirurr or Wetprmvc—Annual Dinner—Park Lane 
Hotel, London. W.1. 

5th Nov.—MancuesTer Metatturcicat Soctery—‘ Temperature 
Measurement,” by J. A. Hall—Central Library, Manchester, 
6.30 p.m. 

6th Nov.—East Miptanps Merat.ureicat Socrery—“ Titanium 
—A Broad Survey,” by P. L. Teed—College of Art, Green Lane, 
Derby, 7.30 p.m. 

6th Nov.—Leeps Meratiurercat Socrery—‘“Aluminium Bronzes,”’ 
by C. V. Wilson—Chemistry Wing, University of Leeds, 7.15 


.™m. 

6th—th Nov.—Verew Dervutscuer E1isennttrrencevre—Annual 
Meeting—Diisseldorf, Germany. 

10th Nov.—Livcotnsuiee Iron anp Sree. Instrrvure—‘“ The 
Sendzimir Planetary Hot-Rolling Mill,” by R. Habershon and 
H. W. Ward—North Lindsey Technical College, Scunthorpe, 
7.30 p.m. 

11th Nov. ee or CuemicaL InpUsTRY (Chemical Beginesing 
Group)—* The Integrated Iron and Steelworks,”” by W. B. 
Wright and W. Elland—1l4 Belgrave Square, atthe § 8.W.1, 


12th din heneneinie or Enorveertne Inspectrion—‘“ Metal 
Finishing,”” by A. W. Walbank—Birmingham Exchange and 
Engineering Centre, 6.30 p.m. 

12th Nov.—Liverroot Meratturercat Soctery (Joint Meeting 
with the Institute of Welding, Live 1 Branch)—‘“ The Gas 
Cutting of Metal Plates,” by Dr. L. C. Bannister—Picton 
Library, Liverpool, 7 p.m. 

12th Nov.—Norra Wares Meratiurcicat Soctery—“ Gases in 
Iron and Steel,” by C. E. A. Shanahan—Flintshire Technical 
College, Connah's Quay, 7 p.m. 

12th Nov. —S#EFFIELD Soctery or ENGINEERS AND METALLURGISTS 


—‘The World’s Largest Walking Dragline,”” by C. McL. 
Cameron—Sheffield University, 7.30 p.m. 

18th Nov.—Bririsu Nociear Enerey Conrenence—** Electrifica- 
tion of U.K.A.E.A. Industrial Group Factories,” by J. W. 


Binns and J. G. Outram—Institution of Electrical Engineers, 
Savoy Place, London, W.C.2, 5.30 p.m. 

13th Nov. a a Iron AND STeEt InstiTuTe--Presidential 
eyes by W. H. B. Wesson—Station Hotel, Dudley, 7.30 


16th 23rd Nov.— INTERNATIONAL ConrERENcE on SCIENTIFIC 
Inrormation—Weshington, D.C., A. 
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17th Nov.—Suerriecp Socrery or ENGINEERS AND METALLURGISTS 
—** Pro in Rod and Bar Rolling,” by R. Stewartson— 
Sheffield University, 7.30 p.m. 


18th Nov.—Newrort anp Distrricr Meratturaicat Socrery— 
“ A Glimpse at the Future of the Steel Industry,”’ by Dr. C. A. 
Edwards, ¥.x.s.—Whitehead Institute, Newport, 7 p.m. 

19th Nov.—Mancuxster Merattureioat Sociery—‘t Vacuum 
Melting,”” by H. C. Child-—-Central Library, Manchester, 6.30 


m, 

21st  ov-—-Cusvenanp INstTITUTION or ENoaIngeERS—Dinner— 
Teesdale Hall, Thornaby-on-Tees, 7 p.m. 

26th Nov.—British Nuctzar Enercy Conrerence—“ Recent 
Advances in Nuclear Engineering” (Sir Charles Parsons 
Memorial Lecture), by Sir John Cockcroft, o.m.—Institution of 
Marine Engineers, 76 Mark Lane, London, E.C.3, 5.30 p.m. 

1st Dec.—CLevetanp Institution or ENcrneErs—*“‘ Basic diag.” 
by J. H. Thompson—Cleveland Scientific and Technical 
Institution, Middlesbrough, 6.30 p.m. 

2nd Dec.—-East Miptanps Merattureicat Socrery—*“ Refining 
Nickel,” by H. C. Castell—Electricity Showrooms, Smithy Row, 
Nottingham, 7.30 p.m. 

8rd Dec.—MancuesterR MetatLurercat Socrery—*‘ Metallurgical 

Control in Mass Production,” by J. G. James Central Library, 

Manchester, 6.30 p.m. 

Dec.—Britisn Nucitear Eneray Conrerence—‘ Thermo- 

nuclear Processes,” by D. W. Fry—lInstitution of Electrical 

Engineers, Savoy Place, London, W.C.2, 5.30 p.m. 

4th Dec.—Lxeeps Mreratiureicat Soctery—‘‘ Thermodynamics in 
Metallurgy,” by Dr. J. Lumsden—Chemistry Wing, University 
of Leeds, 7.15 p.m. 

5th Dec.—Brirish Nuctear Enercy Conrerence—“ An Experi- 

mental Investigation into the Stress Distribution in a Band- 

reinforced Pressure Vessel,” by K. G. Mantle, N. Marshall, and 

P. J. Palmer—Institution of Mechanical Engineers, 1 Birdcage 

Walk, London, 8.W.1, 6 p.m. 

Dec.-—Liverroot MerartturcicaL Socrery—First Annual 

Dinner. 

8th Dec.—-Lincotnsnire [Ron anv Sree. Instrrure—“ Engineer- 
ing Aspects of a Modern Open-hearth Melting Shop,” by J. A. 
Kilby—North Lindsey Technical College, Scunthorpe, 7.30 p.m. 

9th Dec.—Bririsn Nociear Enercy Conrerence—‘ The Use of 
Radioactive Isotopes for the Investigation of Sewage Treatment 
Plant,” by 8. G. Burgess and A. F. Green—Institution of Civil 
Engineers, Great George Street, London, 8.W.1, 5.30 p.m. 
Dec.—Newrorr anp Districr MetTatiurcicaL Sociery— 
“ Oxygen in Steelmaking,” by D. J. O. Brandt—Whitehead 
Institute, Newport, 7 p.m. 
Dec.— THe Iron anv Street Instirute—1 1th Hatfield Memorial 
Lecture: *‘ The Mechanical Properties of the Ferrite Crystal,” by 
Dr. N. P. Allen, ¥.x.s.—Institution of Naval Architects, 
10 Upper Belgrave Street, London 8.W.1, 6.00 p.m. 
Dec.— Norra WaLEs Meratiuraicat Sociery—* Metallurgy, 
Commerce, and Zine Surfaces,” by Dr. W. H. F. Tickle— 
Flintshire Technical College, Connah’s Quay, 7 p.m. 

10th Dec.—Tue Iron anv Sree. Instirure—Autumn General 
Meeting—4 Grosvenor Gardens, London, 8.W.1, 10.30 a.m. 

llth Dee.—Tue Inon anp Sree. Ivystirure (Iron and Steel 
Engineers Group)— Meeting on Vacuum Processes—4 Grosvenor 
Gardens, London, S8.W.1. 

llth Dee.—Liverroot Meratiurcicat Soctrrry—‘ The Metal- 
lurgical nag SN of High-resolution Electron Microscopy,” 
by Dr. J. Nutting—Department of Metallurgy, University of 
Liverpool, 7 p.m. 

llth Dec.—-Norru-East Merauiureica Socrery—‘ Bearing 
Metals from the User’s Viewpoint,” by R. J. Brown—Cleveland 
Scientific and Technical Institution, Middlesbrough, 7.15 p-m 


BRITISH IRON AND STEEL INDUSTRY 
TRANSLATION SERVICE 


The following translations are now available, in addition to those 
given on p. 208 of the October, 1958, issue of the Journal: 

781. Sicua, M.: “ Potentio-coulometric Determination of Small 
Amounts of Carbon in Steel and in Carbides.”’ Hutnicke Listy, 
1955, vol. 10, (9), pp. 535-542. (£6) 

Lirovetski, A., et al.: *‘ Experience in the Adoption of 
Mechanized Coolers in Section Rolling Mills.” Stal, 1956, 
(9), pp. 798-802. (£3 10s. Od.) 

Gruzmov, V. K.: “ On the Movement of the Charge Column 
in the Blast-furnace.” Stal, 1956, Sept., pp. 771-773. (£2) 
Maxett, H.: ‘“ Two-roll Straightening and Multi-roller 
Straightening Machines for Round Bais, Tubes and Sections.” 
Werkstattetechnik u. Maschinenbau, 1956, vol. 46, pp. 603-611. 
(£6) 

. Kunn-VVeztss, F.: ‘‘ The Lubricating Properties and Industrial 
Application of Pure Molybdenum Disulphide.”” Metalen, 1957, 
vol. 12, Apr. 30th, pp. 148-153; May 15th, pp. 169-174. 
(£7 5s. Od.) 

Hrocn, R., and A. Kova: “Casting of Steel Rolls for 
Blooming Mills.” Slevdrenstvi (Prague), 1957, vol. 5, June, 

p. 161-168. (£5) 

916. Part I. Bouronnet, P., et al.: “‘ Basie Bessemer Steel Blown 


4th 


6th 


830. 


864. 
884. 


891. 
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with a Mixture of Oxygen and Carbon Dioxide.”’ Introduction 
and Part I: “ Production of Steel with Low Nitrogen Con- 
tent.” Rev. Mé., 1956, Aug., pp. 575-583. (£4 10s. Od.) 


. Born, K.: “ The Extraction of Sulphide Inclusions and Rela- 


. Sucuxoy, I. A., and V 


35. Brancont, V. 


tion between the Properties of the Steel and the Inclusions.” 
Arch, Eisenhiittenwesen, 1958, March, pp. 179-187. (£7) 

’. V. Burtsev: “ Automatic Control of 
Gas Distribution in the Blast Furnace Shaft.’’ Stal, 1958, 
Feb., pp. 110-113. (£3) 

von, and F. W. Griese: “ Planning of the 
Handling of Bulk Materials in the Lronworks.”’ Stahl u. Zisen, 
1958, Apr. 17th, pp. 465-475. (£5 10s. 0d.) 


. Rosensavm, K.: “ Handling Plants and Storage Depots for 


Ore on its Way to the Harbour.” Stahl 


J u. Eisen, 1958, 
Apr. 17th, pp. 475-483. (£6 5s. 0d.) 


. Jaumorre, A.: “ Two Multiple Gas Turbine Assemblies for 


a Belgian Ironworks.” Stahl u. Hisen, 1958, May 15th, pp. 
658-663. (£4 15s. Od.) 


. Boepanpy, L. von: ‘“* An Examination of the Simultaneous 


Formation of Droplet Nuclei and the Growth of Droplets, 
illustrated by means of the Dust Formation in the Pneumatic 
Steel Refining Process.” Z. Elektrochemie, 1957, vol. 61, (1), 
p. 222-226. (£3 5s. Od.) 
ETROSYAN, R.: “ The Effect of the Wall Temperature of 
the Rear Surfaces of Boilers on Corrosion by Flue Gases.”’ 
Teploenergetika, 1957, (12), pp. 16-20. (£3 158. Od.) 


. Boepanpy, L. von, and H.-D. Panrxe: “ Use of the Dust 


994. 


998. 


999. 


1002, 


1002. Mrern, H 


1004. 
1008. 


1019. 


1021. 


. Anon.: “The Reheating of Ingot-soaking Pits.” 


Produced during a Converter Blow as an Indicator of the 
Refining Process when Blowing with Oxygen-enriched Blast.” 
Stahl u. Eisen, 1958, June 12th, pp: 792-798. (£5 5s. Od.) 
Hotter, P., and H. Sarr: “* Optical Method of Determining 
Temperature Behaviour during Refining in a Converter.” 
Stahl u. Eisen, 1958, June 12th, pp. 799-804. (£4 10s. Od.) 
Picnu, R., and H. Haupt: “ Determination of Measurements 
of Superheater Tubes with reference to Economic Considera- 
tions.’’ Energie, 1957, Aug., pp. 287-293. (£4) 
Orvov, 8. I.; “ Reducing the Size of the Crop Ends of Tubes 
when Rolling on Continuous Mills.’’ Stal, 1958, Apr., pp.° 
335-339. (£4 5s. Od.) 
1004, and 1008 Papers presented at the International Transport 
Conference, June 1958, Lidge. 
.: ‘A Comparison of the Performance, Lay-out 
and Cost of Different Works Railway Systems of German 
Foundries Supplemented by Mathematical Statistics.”’ (£5) 
FortTERRE, Re “Technical and Economic Aspects of 
Track Maintenance in a Steelworks.” (£3 158. 0d.) 
Hvsty, L.: ‘“* Handling of Lime and Iron Scrap at Cockerill- 
Ougrée.”” (£2 158. Od.) 
Bunearpt, K., et al.: “‘ Investigations on the Structure of the 
System Iron-—Chromium-—Carbon.” Arch. Hisenhiittenwesen, 
1958, Mar., pp. 193-203. (£5 10s. 0d.) 
ASSMANN, i. and H. Bucwnavsen: “ Materials used, Heat 
Treatment and Outputs of Thread Rolling Tools for the 
Manufacture of Screws.”’ Werkstatt u. Betrieb, 1949, Nov., 
p. 390-396; Dec., pp. 435-440. (£7 5s. Od.) 

tuier, H.: ‘‘ Development of High-strength Steel Castings 
of Large Wall-thickness.” Giesserei, 1958, Feb., pp. 87-92. 
(£3 5s. Od.) 
Tech. 
Moderne, 1957, July, pp. 78-81. (£3 158. Od.) 


. Bortsov, 8. L.: “ Production of Alloy Steel Light-pressure 


. Métier, H., and H. Srasren: “ 


. Gupxr, 8. N., and I. A. TsvaiceEt: 


. Warrn, H. 


Boiler Tubes.”’ Stal, 1958, May, pp. 442-446. (£4 5s. Od.) 
olling Textures of Trans- 
former Steels.” Arch. Hisenhiittenwesen, 1958, June, pp. 377 
390. (£8) 

* Deformation of 
Bronzes, subjected to Pressure.” Izvest. Akad. Nauk, Otdel. 
Tekh. Nauk, 1954, Jan., pp. 128-137. (£2 15s. 0d.) 

von der, et al.: “‘ The New Open-hearth Steel 
Plant No. III of the Hoesch-Westfalenhiitte A.G., Dortmund.” 
Stahl u. Eisen, 1958, Jan. 23rd, pp. 79-87. (£5 15s. Od.) 


. Gerssier, K., and E. J. Koutmeyer: “ Contribution to the 


. ZanorKa, H.: “‘ 


System Ferrous Oxide, Ferrous Sulphide, Manganous Oxide, 

Manganous Sulphide.” Arch. Hisenhiittenwesen, 1958, Jan., 
p- 57-63. (£6 15s. Od.) 

Boaceur, V. P., e¢ al.: “‘ Four-period System of Integrated 

Automatic Control for a Fuel Oil Fired Open-hearth Furnace.” 

Stal, 1958, Feb., pp. 114-120. (£5 5s. 0d.) 

rogress in the Basic Lining of Glass Melting 


Tanks.” Radex Rundschau, 1958, (3/4), pp. 154-172. (£4) 


. Wesemann, F.: “‘ Water Economy in Iron and Steel Works 


Undertakings.” Lecture to the Main Session, Jernkontorets 
Tekniska Discussionmote, on 3lst May, 1958. (£5) 


. Répt, W.: “ Lining of Hot Metals Mixer.”” Radex Rundschau, 


. Fevicut, K., and 


. Wrrrnor, J.: 


1958, (3/4), pp. 187-194. (£3) 

R. Barz: “ Metallurgical Control of Slag 
Inclusions and Carbide Segregations in Roller Bearing Steel.” 
Neue Hiitte, 1958, June, pp. 341-350. (£6 10s, Od.) 
“Carbide Tools for Shaping and Cutting.” 
Draht, 1957, (11), pp. 465-470. (£5) 


. Nacami, K., e¢ al.: “ On the Distribution of Oxygen in Molten 


Refining.” 
5s. Od.) 


Steel veges | Sumi, Met., 1958, vol. 10, Jan., 


pp. 1-4. (£ 


NOVEMBER, 1958 





ABSTRACTS OF 


CURRENT LITERATURE 


AND BOOK NOTICES 


Iron and Steel Manufacture and Related Subjects 





CONTENTS 


Note: The letters a, b, and ¢ refer to the three columns on the page concerned. 


PAGE 
3l7a 
3li7a 


MINERAL RESOURCES Re ss 
OrEs——MINING AND TREATMENT 
Furt—PREPARATION, PROPERTIES, AND 

UsEs a ‘6 .. 318a 
Arr POLLUTION AND SMOKE . 318d 
TEMPERATURE MEASUREMENT AND Con- 

TROL ‘ A pues .. B18b 
REFRACTORY Mate RIALS in .. 318¢ 
Tron AND STEEL, GENERAL 3196 
Buast-FuRNAcE PRActice 

DUCTION OF Pic IRoNn ea 
Prorerties, TREATMENT, AND ‘Use or 

SLaGs 2 
Drrect Proc ESSES 
PRODUCTION OF STEEL 


AND PRrRo- 
3196 
3206 


3206 
320¢ 


PAGE 

32la 

3216 
om .. sake 
SOAKING 

32le 


PRODUCTION OF FrRRO-ALLOYS 
Founpry PRACTICE 
Vacuum METALLURGY 
REHEATING FURNACES 
Pits ; 
Hear- TREATMENT 
MENT FURNACES 
Foremne, STAMPING, 
PRESSING 
Roiiine Mriw Practice P 
MACHINERY AND SERVICES FOR 
AND STEEL PLANT ad 
WELDING AND FLAME-CuTrTING 
MACHINING AND MACHINABILITY 


AND 
AND Heat-TREAtT- 
322a 


DRAWING, AND 


Iron 
323¢ 
323¢ 
325b 


*Abstracts, the reference to which is marked with an asterisk are, or are to be 


MINERAL RESOURCES 


Geology and Magnetite Deposits of Dover 

t, Morris Co., New Jersey. P. K. Sims. 

(U.S. Geol. Survey Professional Paper, 287, 
1958, pp. 162). 

Mesabi to the North. (Min. Eng., 1958, 
10, June, 678-679). A note on the Mt. 
Wright-Wabush Lake area iron deposits in 
Canada. 

Iron Ore in India, G. H. 8. V. Prasada Rao 
and Y.G. K. Murty. (ron and Steel Review, 
1957, 1, Nov., 49-53). Of the world’s total 
reserves of 85,000 x 10*t, India has 21,000 x 
10*t. Details of various deposits are given 
and the present position of the Indian iron 
ore industry is reviewed.—a. G. 

Chromite Deposits of India. M. N. Deek- 
shitulu. (Iron and Steel Review, 1957, 1, 
Nov., 59-63). The occurrence of chromite 
ores in India is reviewed and production, 
processing and future prospects are surveyed. 

Manganese Industry in India. M. R. Subra- 
manyam. (Iron and Steel Review, 1957, 1, 
Nov., 55-58). The occurrence, characteris- 


ties, mining methods, reserves and exports of 


Indian Mn are discussed. The vital need for 
developing beneficiation processes is stressed. 


Iron Ore Deposits—Koppio Area (South 
Australia}. R. Johns, (South Australia 
Mining Review, 1957, (103), 79-81). 


ORES—MINING AND TREATMENT 


The Future Supply of Iron Ore for Europe. 
A. Bureau. (Soc. Ing. Civils Bul., 1958, (9), 
188-193). In 1965 ore requirements for 
Europe including Gt. Britain are expected to 
be 70-77 x 10* tonnes. Increased supplies 
from the American continent and existing 
African mines should meet this demand. 
Thereafter, the levelling off of production in 
European mines will necessitate the develop- 
ment of new African mines.—a. G. 

The Measurement of Deformations, Dilata- 
tions and Subsidences of the Surface in the 
Lorraine Iron Mines. E. Tincelin and P. 
Sinou. (Rev. Ind. Min., 1958, 40, Feb., 117 
133). 

Iron Ore. P. E. Cavanagh. 
1958, 10, June, 680-682). Esti- 


consumption 


Canadian 
(Min. Eng., 
mates of ‘future production, 
and exports for 1980. 
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Industrial Minerals Used in California’s 
Iron and Steel Industry. K.W. Mote. (Min. 
Eng., 1958, 10, July, 765-767). An annotated 
list excluding ore, scrap, coke, Mn ore and 
ferro-alloys. 

The Design of Bulk Carrying Vessels for the 
Australian Trade. D. A. Wittwer. 
(B.H.P. Tech. Bull., 1958, 2, Apr., 6-10). 
Iron ore carriers are described. 

The Operational Value of Iron Ore. P. M. 
Fourt. (Ann. Mines, 1958, Feb., 93-111). 
Calculations are shown for the choice between 
upgrading local ores or importing ores from 
overseas, and evaluated for the special case 
of Lorraine. 

Blasting of Large Drill Holes in the Magnesite 
Deposits of the Millstatter Alps. H. Riedler. 
(Radex Rund., 1958, (3/4), 113-119). 

Dragonby Mine. (Mine Quarry Eng., 1958, 

Jan., 2-8; Feb. 46-51). This underground 
mine in the Frodingham Ironstone, near 
Scunthorpe, has been designed for an annual 
production of 10*t of ore, but is still in the 
development stage. It is worked by trackless 
mining methods, use being made of electric 
rotary drills, loaders, shuttle cars and a con- 
veyor system that links the mining areas 
directly with rail wagon-loading facilities on 
the surface. A map, and many illustrations 
are given. 

The Societe des Mines de Saizerais. (Usine 
Nouv., 1958, 14, July 31, 73-75). The history 
and present methods of operation of the iron 
mines at Marbache are outlined. 

Quarrying Limestone at Sunety, 8. Wales. 
(Iron Coal Trades Rev., 58, 177, Aug. 8, 
336). A brief arcount of the Steel Co. of 
Wales operations. 

Distribution Curves for Sink-and-Float 
Separation of Iron Ores. R. G. Wuerker. 
(Min. Eng., 1958, 10, July, 788-791). Labora- 
tory tests are described and the method given 
and explained for obtaining theoretical opti- 
mum beneficiation. The distribution curves 
are shown to be the reverse of the washability 
curves for coal, (float-and-sink as compured 
with sink-and-float). 

Iron Recovery Demands Engineering Com- 
promises. ©. H. Chilton. (Chem. LEng., 
1958, 65, June 16, 132-135). Recovery from 
Ni ores is outlined. 

Pressure Leaching of a Manganese Ore. 
Part I. Kinetic Aspects. Part II. Leaching 
Aspects. R. J. Cornelius and J. T. Wood- 
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made available as translations. 


cock. (Proc. Australasian I.M.M., 1958, 
Mar., 65-107, 109-133). Aqueous suspen- 
sions of pyrite and Mn ore react with O, 
to dissolve Mn in the FeSO,-H,SO, produced. 
Optimum conditions are found. 

Automation of Ore-Preparation Plants. G. 
Gerstenberger. (Neue Hiitte, 1958, 3, July, 
389-398). The impact of automation on the 
progress of socialisation is emphasised. In 
the preparation of ore, however, automation 
will be of limited value as there are too many 
variables involved. The conditions under 
which the application of automatic equipment 
is justified are considered and summarised. 
A number.of devices and apparatus for use 
in ore-preparation plant made in Russia and 
Eastern Germany is described. Only existing 
equipment is considered with regard to appli- 
cation in ore preparation.—-T. G. 

Reduction in Coke Consumption and Increase 
in Iron Production Effected by Ore Prepara- 
tion. R. Mintrop. (Stahl Hisen, 1958, 78, 
May 15, 633-646). The author es 
German sintering practice with that employed 
in other countries. The total heat consump- 
tion per ton of iron produced cannot be 
reduced substantially, but high-grade coke 
can be saved by extensive sintering for which 
low-grade fuels are sufficient. The problems 
involved are interestingly elucidated in the 
discussion.—tT. G 

Use of Mixed Firing in Sinter Plants. H. 
Rausch and K. Meyer. (Stahl Hisen, 1958 
78, May 1, 600-606). The term “ mixed 
firing *’ is used for a process in which part of 
the coke for sintering is replaced by hot gases 
produced by the combustion of liquid or 
gaseous fuels in a chamber above the sinter 
belt. Savings in coke of up to 40% were 
obtained, and total savings in calorific value 
amounted to 10-15%. The effect of tempera- 
ture of the gases and the time of their action 
on sintering are discussed. The quality of 
the sinter is higher than that obtained in 
conventional processes. The throughput, 
however, is 5-10% lower.—t. a. 

Second Sinter Plant for Iscor. (Mngineer 
Foundryman, 1958, 23, June, 35-38). An 
illustrated account of the installation at 
Pretoria. 

The Use of Pyrites Ash in the Production 
of Fluxed Sinter of High Basicity. L. Ya. 
Levin, I. M. Yakubtsiner, V. M. Sholeninov 
and G. F. Grigor’evykh. (Metallurg, 1958, 
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(6), 5-10). Due to the shortage of ore con- 
centrate, at the vets plant, pyrites ash 
was added to the sinter mix in the proportion 
of 26%, of the ore addition. Optimum con- 
ditions for maximum sulphur removal and 
the production of high strength sinter are 
discussed.—R. s. 

Production of Sinter by Gaseous Sintering. 
A. K. Rudkov. (Metallurg, 1958, (4), 3-5). 
Consumption of solid fuel is halved with the 
process and gas consumption is increased 
so that the economics depend upon local 
conditions, such as relative costs of blast 
furnace gas and coke fines and availability of 

as. The cost of sinter is slightly higher at 
Deershinsk, where the process is used, but 
this is compensated for by increased reduci- 
bility and saving of coke in the blast furnace. 

Effect of Ignition on the Pore System. of 
Tron Ore Lumps. A.E.El-Mehairy. (Mining 
Engineering, Cairo Univ., 1957, reprint. 297- 
306). [In English]. A haematite was ex- 
amined in the dry and ignited states by total 
porosity measurement, gas permeability and 
computation of average pore size from air 
flow measurements using the viscous slip 
phenomenon. Extent of interconnection of 
the pores is increased by an amount related 
to loss on ignition. 

Microstructures of Iron Ore Sinter. H. C. 
Coe and D. H. Skinner. (B.H.P. Tech. Bull., 
1958, 2, Apr., 2-5). Metallographic methods 
were used and structures are shown and re- 
lated to composition. 

Iron Ore ucibility Tests. (Min. Hng., 
1958, 16, June, 682). The Ontario Research 
Foundation and Russian methods are outlined 
and a new test is suggested using a reducing 
gas such as CO. 


FUEL—PREPARATION, 
PROPERTIES AND USES 


Energy Distribution in an Integrated Iron 
and Steel Works. K. Rieder. (Stahl Lisen, 
1958, 78, May 15, 669-671). The author 
analyses the main energy carriers of the 
Hitte Linz of the Vereinigten Osterreichischen 
Eisen- und Stahlwerke, such as coke-oven gas, 
electric power and flue gas. 2000 x 10*k. cal. 
are converted to a different form of energy 
every hour. The analysis is illustrated by 
diagrams and flow sheets.—r. c. 

wer Economy of the West-German Iron- 
and Steel-Industry During the Years 1950-57. 
H. Wiibbenhorst. (Stahi Hisen, 1958, 78, 
June 12, 777-784). The total heat consump- 
tion per ton of steel produced has been reduced 
in the period from 1950 to 1957 by 15%. 
This is mainly due to increased production, 
change in the burden, technical improvements, 
and use of the most suitable fuels for each 
process.—T. G. 

The Petrography of Coal and Its Relationship 
to Fuel Technology Origins 


ee ° Coal 
Petrography. V. H. Rodriguez. (Inst. Nac. 
Carbon Bol. Inf., 1957, 6, May-June, 115~118). 
Historical. Instruments for Investigation. 


(119-135). A detailed review of microscopical 


techniques using reflected light, and U.V., 
phase, electron microscopy and radiographic 
methods. IZ. Techniques of Microscopical 
Investigation. (Nov.-Dec., 274-279). Meth- 
ods of specimen preparation other than thin 
section preparation are described. 

Research in the Development of a Metal- 
lurgical Fuel from Brown Coal. G.L. Kennedy 
and D. G. Evans. (J. Australian Inst. Met., 
1958, 3, May, 61-75). The application of 
German briquetting and carbonization tech- 
niques has enabled brown coal briquettes to 
be made into a hard lump char which has 
been successfully used in a cold-blast cupola. 

Determination of 


reducing the ash content of coking coal below 
10% and the total water content below the 
same amount were calculated for three coals, 
and the results discussed.—t. pb. u. 

ge py between (Coal) Preparation, 
Coke Oven t and Blast Furnace. W. 
Reerink and K. Lemke. (Glickauf, 1958, 94, 
June 21, 832-842). This report is the result 
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of work carried out in several countries, 
and is concerned with the possibilities of 
suitable preparation of the coal and design 
and operation of the coking plant in producing 
a uniform blast furnace coke of good quality. 
Economic aspects are discussed in detail. 
(26 refs.)—.. D. B. 

Repositioning a Coke Ovens Stack. H. 
Hughes. (B.H.P. Tech. Bull., 1958, 2, 
Apr., 21-24). Moving the stack at No. 1 
Battery, Newcastle (N.S.W.) steelworks is 
described. The steel stack weighing 208 t, 
with 64 t brickwork, was moved 50 ft. 

Modern Developments in Steelworks Gas 
Producer Practice. J.C. Martin. (J. Bham 
Met. Soc., 1958, 38, June, 76-81). 

Contribution to the Study of the Composition 
of Blast-Furnace Gas. Application to the 
Calculation of Coke Consumption. 
and L. Bousmanne. (Rev. Univ. 

1958, 14, Mar., 80-105). General formulae 
are derived for all components of gases, with 
numerous curves and tables. 

Desulphurization of Coke-Oven Gas at 
Appleby-Frodingham. L. Reeve. (J. Inst. 
Fuel, 1958, 31, July, 319-324). Hot Fe,0, 
in static and fluidized beds is urad. 


AIR POLLUTION AND SMOKE 


The Prevention of Atmospheric Pollution. 
J. W. H. Holmes. (Guilds Engineer, 1958, 
(9), 73-83). A review of dust removal with 
notes on SQ,. 

Evaluation of Air-Borne Particulates in 
Atmospheric Pollution Studies. M. Katz, 
H. P. Sanderson and M. B. Ferguson. (Aral. 
Chem., 1958, 30, July, 1172-1180). 

Notes on the Removal of Particulate Matter 
and Vapour Phase Sulphur Compornds from 
Gases. R.J.S. Thompson and W. [. Cosby. 
(Gas World, 1958, 148, Aug. 2, Coking, 23-26, 
28, 30). 

Measurement of Traces of Gases in the 
Atmosphere of Iron Works. F. Bangert. 
(Stahl Eisen, 1958, 78, May 29, 743-747). 
The author describes modern gas detection 
equipment and its use for hygienic and opera- 
tional reasons, mainly for the detection of 
CO. Automatic, continuous measurement 
and alarm equipment is also dealt with.—r. a. 


TEMPERATURE MEASUREMENT 
AND CONTROL 


Methods of Testing Thermocouples and 
Thermocouple Materials. W. F. Roeser and 
8S. T. Lonberger. (N.B.S. Circular 590, 1958, 
pp. 21). A review covering noble and base- 
metal couples. 

Temperature of the Flame of a Single Drop 
of Liquid Fuel. M. A. Gurevich and V. B. 
Shteinberg. (Zhur. Tekhn. Fiz., 1958, 28, 
Feb., 394-401). 

An Optical Pyrometer with Emissivity 
Compensation. J. Euler. (Klektrowdrme, 
1958, 16, June, 194-199). A method of 
obtaining true temperature from a disappear- 
ing filament pyrometer is described. An 
auxiliary source is projected on to the hot 
body through an aspherical mirror and the 
aperture is adjusted for distance, emissivity 
and quality of mirror and lenses. The instru- 
ment is most suitable for short distances and 
as a-micropyrometer. It reads to a few °C. 

The Design of an Immersion Thermocouple 
and Its Use in the Open-Hearth Furnace. 
H. Léscher. (Neue Hiitte, 1958, 3, July, 416— 
425). The design of an immersion thermo- 
couple using Pt-6%Rh/Pt-30%Rh is 
described and results obtained in O.H 
furnaces are reported. No condensation 
products from the thermocouple were observed 
in the quartz sheath. (28 references).—t. G. 

A Study of “Freezing” of Pyrometric 
Cones. Chen Hsen-ku. (Acta. Met. Sin., 
1957, 2, (1), 99-106). [In Chinese]. Freezing 
(not squatting at the softening temp.) is 
caused by the formation of crystals from 
molten phases in the cone when the furnace 
temp. is unsteady or remains for a long time 
below the softening temp. In SK7-10 cones 
these are cristobalite and in SK 11-16 may 
also contain mullite. They can be avoided by 
reducing the proportions of Na,O or K,O, 
respectively; CaO or MgO cannot be substi- 
tuted for the alkali oxides.—x. E. J. 


REFRACTORY MATERIALS 


Refractory Products. Y. Letort. (Usine 
Nouv., 1958, Spring, 119-124). A_ brief 
account is given of the French refractory 
industry, technical progress and method of 
studying refractory products. The various 
types of refractory are listed and their proper- 
ties and applications are discussed.—a. G. 

What’s New in Refractories. (Steel, 1958, 
142, Mar. 31, 89-90). Recent trends in 
steelworks refractories are described. Quality 
control during manufacture has improved 
product quality. There is a continued trend 
towards the all-basic O.H., and after an initial 
success, more roofs of fused bricks are being 
tried; a carbon sub-hearth has shown advant- 
ages. High-capacity O, converters are using 
tar bonded dolomite brick. The use of carbon 
blast-furnace linings is spreading for hearth- 
walls and bosh; standard brick sizes are some- 
times replacing large blocks.—p. L. ©. P. 

on Refractories for Open Hearth 

. (Refract. J., 1958, 34, June, 278- 

279). From the B.I.S.R.A. 1957 annual 
report. 

Electric Furnace Refractories. E.C. Wright 
(Met. Prog., 1958, 73, May, 87-88). The 
proceedings of the Electric Furnace Steel 
Conference at Pittsburgh are summarized. 
Cast and rammed sections in O.H. roofs, the 
use of Canadian magnesite tar-bonded basic 
and ladle refractories are discussed. 


High Alumina Refractories: Use for Steel 
ouring in Russia. K. Shaw. (Jron Steel, 
1958, 31, May, 184-185). A technique has 
been developed in Russia for producing 
mullite-corundum refractories having high- 
temperature stability and a constant volume 
at high temperatures. Details are given of 
trials of the refractories as ladle linings and 
stoppers.—c. F. 


Control of Factors Affecting Reproducibility 
of Mechanical Properties of Refractory Semi- 
dry Specimens. L. E. Mong and D. M. 
Adelman. (J. Amer. Ceram. Soc., 1958, 41, 
July, 267-272). 

Refractory Materials in India. G. G. K. 
Sastri. (Iron and Steel Review, 1957, 1, 
Nov., 65-69). Raw materials and prospects 
for the refractories industry are surveyed. 

Zirconia—Crystobalite: A New Acid Lining 
Material for the Steel Industry. E. Steinhoff. 
(Stahl Hisen, 1958, 78, June 26, 893~899). 
Zirconia—crystobalite bricks have excellent 
thermal-shock resistance; they do not grow 
at high temperatures but show a slight 
shrinking, for this an allowance must be made 
in the construction of roofs and covers. 
Chemical analysis showed that in service the 
surface of the bricks becomes enriched in 
zirconia thus increasing the viscosity of the 
surface layer and preventing drop formation. 
The wear mechanism of the zirconia—crysto- 
balite bricks is explained.—r. c. 

Hydration of Basic Refractories. G. R. 
Eusner and J. R. Bachman. (Amer. Ceram. 
Soc. Bull., 1958, May, 213-219). Autoclave 
tests for testing resistance to hydration are 
described on various bricks and autoclave, 
reflux-boiling and a new burn-in test on 
ramming mixes. A possible mechanism of 
disruption of the latter is disclosed. Atmos- 
pherie stabilities are considered. 
on Super Duty Insulating Fire 
E. 8. Nagai, G. Yamaguchi, Z. 
(Ann. 
Rep. Eng. Res. Inst. Tokyo Univ., 1957, 16, 
Sept., 89-92). [In Japanese]. Optimum con- 
ditions are established for manufacture, by 
sintering, of a refractory formed from diaspore, 
fireclay, aluminium powder, dilute aq. NaOH 
and water-glass soln. The refractory had a 
bulk density of 0-7—0-9, and good insulating 
qualities.—«. E. J. 

Determination of Phases in Silica Bricks. 
Morand and Kiehl. (Silicates Ind., 1958, 
May, 248-252). A method is described for 
the rapid quantitative estimation of the 
different forms of silica in silica bricks. Use 
is made of X-ray diffraction with a Geiger 
counter and alumina is added as internal 
standard.—a. G. 


Brick. I. 
Ota, F. Tanemura and M. Tsukino. 
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Research on the Silicate Minerals in Dolo- 
mite Refractories. G. Yamaguchi and 8. 
Komatsu. (Ann. Rep. Eng. Res. Inst. Tokyo 
Univ., 1957, 16, Sept., 86-88). [In Japanese]. 


The mineral constituents are reported for 
mixtures of CaO and SiO, in the molar ratios 
1:1,2:1 and 3:1, fired at 1500° C. 

arious 


and Lower Transforma 

Cristobalite. Chang Shou-Ching, Ho Chung- 
Fan and Kiang Chien-Chia. (Acta Chim. 
Sinica, 1957, 23, (6), 462-468). [In Chinese 
with German Summary]. The effects of 
particle size, temperature of formation, raw 
material and the effect of mineralising agents 
(Li,CO,, Na,CO,, Na,WO,, FeO, CaO in 
decreasing order of effectiveness) are investi- 


gated. 

e subsolidus Relations between Mullite and 
Iron Oxide. W. E. Brownell. (J. Amer. 
Ceram. Soc., 1958, 41, June, 226-230). The 
study had special reference to the fired colour 
of clay products. 

Some Microscopical Observations of the 
Behaviour of Chromite in Refractory Chrome 
Magnesite Brick. F. Trojer. (Radex Rund., 
1958, May, 123-130). A report on an investi- 
gation under the petrographic microscope 
of the behaviour of chromite grains in chromite 
refractories during use in industrial furnaces. 
The processes occurring are illustrated and 
discussed. 

Determination of Mullite in Clay Refractory 
Products. Yeh Fu-han. (Acta Met. Sin., 
1956, 1, (4), 401-405). [In Chinese].—kx. ©. 3. 

On the Stability of the Phase Fe,0,, Al,O,. 
A. Muan. (Am. J. Sci., 1958, 556, une, 
413-422). The work was carried out with 
special reference to steel plant refractories. 

ts on Zirconia-Silica Bricks for Arc- 
Covers. A. Theis. (Stahl Lisen, 
1958, 78, June 26, 891-892). The bricks 
are made from zirconia and crystobalite and 
have the following physical data (values of 
conventional silica bricks in brackets): 
Softening point 1750°C (1700°C); porosity 
23% (20%); ~ er. 2-56 (1-9); thermal ex- 
pansion 0-86 (1-4). The service life of the 
new bricks is shout twice as long as that of 
silica bricks, parts of damaged covers can be 
repaired so that the service life of the covers 
could be extended to six times those of silica 
bricks.—t. G. 

Stressing and Durability . A Symposium of 
the Most Recent Knowledge on the Use of 
Basic Furnace Refractories in High Tempera- 
ture Furnaces. L. Hitter. (Radex-Rund., 
1958, May, 135-145). A general survey of 
recent work on the use of basic refractories 
in various t of high temperature furnace, 
as described in the literature in recent years. 
(24 refs.). 

High Temperature Strength of Basic Re- 
fractories. E. I. Greaves and J. Mackenzie. 
(Trans. Brit. Ceram. Soc., 1958, 57, Apr., 
187-198). Methods and results of torsion 
and tensile tests are described. Good correla- 
tion was found between high-temperature 
strength, creep and service in O. roofs. 
The torsion test in particular i is suggested asa 
measure of one factor in brick stability for roof 
service. 


An Apparatus for Determining the Thermal 
Conductivity of Refractories. D.M. Shakhtin. 
(Zavods. Lab., 1956, 22, (7), 869-871; trans- 
lation 19RL-—T/C67). 


Emission of Silico-Aluminous Refractories 
in the Infra-Red Region. R. Alegre. (Sili- 
, 1958, May, 253-260). The diffuse 
reflection of these refractories has been studied 
at wavelengths from visible to 12 yu and at 
temperatures up to 1000°C. Around 3 uy, 
reflectivity is low leading to marked absorption 
of heat from certain flames such as town's 
gas.— a. G. 
The Use of Statistical Methods in the Quality 
Control of a Works in the Refractories In- 
ustry. F. Kiessewetter. (Radex co 
1958, May, 131-134). A short discussion of 
the use of mathematical statistics in sampling 
raw magnesite, the application of control 
charts and calculation of regression coeffi- 
cients to the control of the manufacturing 
process and the evaluation of the results. 
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IRON AND STEEL, GENERAL 


Developments in the Iron and Steel Industry 
during 1957. I. E.Madsen. (Jron Steel Eng., 
1958, 35, Jan., 139-189). A comprehensive 
review is given of plant and process develop- 
ments in the U.S. and elsewhere in the world, 
including a tabulated list of expansion plans 
announced by U.S. companies.—k. E. J. 

The Siting of British Steelworks. (Steel 
Rev., 1958, July, 26-35). A general review 
of factors, with maps showing locations of 
markets, labour, scrap, ores, coal and water. 

Europe ds Steel-Making Capacity. 
D. L. McBride. (S.A.£.J., 1958, 66, June, 
62-63). Areview. 

The Czechoslovak Metallurgical Industry 
and its tives. J. Hilavatek. (Czech. 
Heavy Ind., 1958, (6), 7-11). Mainly iron 
and steel. Plants and projected constructions 
are noted with a few statistics and notes on 


products. 

The ufacture of Pig Iron and Steel in 
Czechoslovakia. (Czech. Heavy Ind., 1958, 
, 12-20). A general illustrated review. 

The Steel Industry of Mexico—its present 
and Immediate Future. P.G. Rolddn. (Jron 
Steel Eng., 1958, 35, Jan., 80-84). A brief 
survey is made of the availability of raw 
materials and fuels. The present source of 
iron ore is Cerro del Mercado (average 60% 
Fe); proved deposits there and elsewhere 
amount to 330 x 10* t, and others remain to 
be explored. In 1956 Mexico produced 
865,000 (short) t of ingots, and output should 
reach at least 2,000,000 t by 1965. Details 
are given of the plant at the six major steel- 
works.—-K. E. J. 

The Mexican Iron and Steel Industry. (dé. 
Constr. Mécan., 1958, 90, May, 333-340). 
After a discussion of Mexican reserves of ore, 
coal and coke, details of current production 
of iron and steel are given. Future develop- 
ment will be based on the integration of 
Northern works and the creation of a new 
industry based on Pacific ore reserves.—a. G. 

The Activities of the Verein Deutscher 
Eisenhiittenleute During 1957. (Stahl Hisen, 
1958, 78, May 1, 565-599). The report deals 
inter alia with: Blast-furnace practice, Steel- 
making, Rolling-mill practice, Forging, Cold- 
rolling, Descaling, Wire drawing, Galvanizing, 
Metallurgy and related fields, Pow:ler metal- 
lurgy and History. In general, jhe report 
summarises papers and discussions, published 
and to be published in Siahl u. Pisen and 
Arch. Eisenhiittenwesen.—t. G. 


BLAST FURNACE PRACTICE 
AND PRODUCTION OF 
PIG IRON 


Examination of Blast Furnace Production 

with Radioactive Isotopes. V. A. Smolyak 

7. N. Uzlyuk. (Metallurg., 1958, (4), 

The study of the movement of fine 

fractions of burden materials and: measure- 

ment of level of smelting products in the 
hearth are described.—. s. 

The Development of Blast Furnace Tech- 
nique in the U.8.8.R. Z.Puntocha?. (Hutnik 
(Prague), 1958, 8, Apr., 115-117). The pre- 
sent state of blast furnace tec hnique in the 
Soviet Union is briefly outlined. It is re- 
ported that blast furnace utilization hasreached 
a level of 78-80%, and coke consumption 
per t pig-iron for steel-making has fallen to 
655 kg. as a result of improved coke quality. 
Extensive use is made of self-fluxing sinter, 
and the total quantity of sinter amounted to 
66% of the total furnace input of ore and 
sinter in 1956; scrap input was only 53 kg./t. 
Mention is made of refractories with very 
high properties, oxygen enrichment of the 
blast, and desulphurization by the insertion 
of pulverised lime into the ladle. Much 
space is devoted to a description of large new 
blast furnaces in operation or under construc- 
tion in the U.S.8.R. with diagrams and 
dimension table. For the largest, to be 
completed this year (2286 m’ capacity) 6-15% 
coke-oven gas will be added to the blast 
furnace gas, and the blast will be enriched 
with 25% oxygen; the blast furnace air will 
be humidified with 5-3% water vapour, and 
the stove will preheat the air to 1200°C. 
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With a gas pressure of 1-5-1-8 atm. and a 
blast pressure of 3-2 atm., it is intended to 
raise the temperature below the bell to 1500° C. 
The degree of automation will be greatly 


increased.—xm. T. 

ing: Art or Science? H. A. Gold- 
fein. (Blast ‘Furn. steed Plant, 1958, 46, 
June, 611-614). In this lecture, the author 
discusses the numerous variables encountered 
in the day-to-day operation of a blast furnace. 
He stresses that the foreman must recognize 
the problems and understand how each fits 
into the total picture so that the end product 
may be quality iron.—t. o. 

Pig Iron Production. (Engineer Foundry- 
man, 1958, 22, April, 34-36). The extensions 
to the blast furnace plant of the African 
Metals Corporation Ltd. are described. The 
capacity of the new plant will be 1000 t/day. 

Use of Carbon Refractories in Blast Furnaces. 
P. I. Lokshin and G. P. Moshkina. (Stal’, 
1956, (2), 108-114). The use of carbon 
refractories in the U.S.8.R. and abroad is 
reviewed. Linings of hearth walls and 
bottoms are most often satisfactory especially 
where bottoms are all carbon, cooled at sidez 
and underneath. The British design is 
regarded as the best. Shaped graphitized 
blocks with high thermal conductivity might 
give the best results. A design of hearth 
bottom is shown and the best structure in 
the absence of shaped blocks is given. 

Block Charging of Blast Furnaces. V. E. 
Levehenko. (Metallurg., 1958, (5), 4-6). 
K. A. Bobkun (6-8). Block charging not 
only increases the drive of the furnace but 
lowers coke consumption by ensuring correct 
distribution of the gas streams transversely 
in the furnace. The effects in relation to the 
amount of fines in sinter and ore are discussed. 
R. D. Kamenev and V. N. Fomenko (8-10). 
A proposed method of charging the new 
2000 m* furnace using conveyor belts is dis- 
cussed and disadvantages are pointed out. 
Methods for charging coke and sinter or coke, 
sinter and other components are suggested. 

Recording the Operation to the Charging 
Gear of Blast Furnaces. E. I. Sametskii. 
(Metallurg, 1958, (6), 4-5). A self-recording 
device to register the angle of rotation of the 
distributor to within 1-5°, the lowering of 
the small and large bells, the number of ore 
and coke charges and the times of each opera- 
ar is described..—n. s. 

A Comparison of Pneumatic and Electric 
Bell-Operating Machinery. L. J. Kilboy, jun. 
(Blast Furn. Steel Plant, 1958, 46, June, 606- 
610). Recently very few electric bell hoists 
have been installed. Since 1940 twice as 
many pneumatic hoists were installed as in 
the previous twenty years. Approximately 
75% of U.S. blast furnaces have pneumatic 
bell hoists. About 5% employ electric 
hoists and the remaining 20% utilize various 
types of steam or hydraulic devices. Advan- 
tages and shortcomings of the pneumatic and 
electric types of hoists are enumerated and 
discussed.—T. G. 

Shock Absorbing Device for Blast Furnace 
Bell Balance Beams. L. V. Brodetskii. 
(Metallurg, 1958 (6), 3-4). A shock-absorb- 
ing device for improving the elastic working 
of the balance beams of the small and large 
bells at Kuznetsk is described.—n. s 

Furnace is ‘ Quickfrozen.’ (Steel, 1958, 
142, June 16, 106). An experimental blast 
furnace has been quenched using a prolonged 
biast of nitrogen. Preliminary sampling of 
the burden has shown (a) unaltered coke 
penetrates deep into the slag-meta) layer and 
(6) raw materials remain stratified as charged 
until they reach the melting zone.—-a. G. 

Automatic Control of Blast-Furnace Opera- 
tion. A. N. Makarow. (Neue Hiitte, 1958, 
3, July, 404-408). The author reports on 
current practice of iron smelting in auto- 
matically controlled furnaces in the Soviet 
Union. In 1955 about 90% of the total pig 
iron produced came from automatically 
operated furnaces. The author explains by 
means of diagrams the principles of measuring 
and controlling the various reactions taking 
place in the blast furnace, and discusses auto- 
matic control of the charging operation, of 
the blast temperature and humidity and of 
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the heat balance. An ultrasonic instrument 
for measuring the height of the burden is also 
—. —T. a. 

ey of Thermodynamic Equilibrium 
in last Furnace and Its Application. 
FP, Sideen. (Stahl Eisen, 1958, 78, May 
29, 748-750). The author reviews and dis- 
cusses a theory by J. Raick. A number of 
points that are not in agreement with the 
author’s own views on this subject are stressed. 

Blast Furnace Smelting with High MgO 
Slag. Chuang Cheng-woo. (Acta Met. Sin., 
1957, 2, (3), 219-235). [In Chinese]. When 
smelting with slag containing 18-5% MgO, 
the furnace runs smoothly with stable hearth 
temp. The desulphurizing power is low; to 
raise it, the total basicity (CaO + MgO)/SiO, 
must be raised. The higher coke consumption 
with dolomite in the burden is caused by the 
15% increase in CO,, which increases the 
amount of direct reduction. — should 
be used in the sinter.—x. FE. 

An Investigation of Chemical Equilibria 
in the Blast-Furnace Hearth. I. The Mangan- 
ese-Sulphur Equilibrium. Chou Yuan-hsi. 
(Acta Met. Sin., 1956, 1, (4), 325-335). [In 
Chinese]. Data from 122 tests show that the 
Mn-S equilibrium in the hearth is in agree- 
ment with theoretical predictions. The 
equilibrium constant is related to the activities 
of CaO, MnO and CaS. Some results are given 
for the effects of basicity and (8S) on the equi- 
librium and for the temperature-dependence 
of the equilibrium constant. (13 references). 
II. The Siticon-Sulphur, Silicon-Carbon and 
Silicon-Manganese Equilibria. (1957, 2, (1), 
13-24). With the aid of recent data, it is 
shown that neither the Si-S nor the Si-Mn 
equilibrium is approached in the hearth. By 
usiug V[% Si]/V(agig2) a8 an index of the 
degree of silicon reduction, it is found that 
an increase in slag basicity promotes the 
reduction. Thus the Si-C reaction may 
approach equilibrium if the basicity is high. 

Dealing With Cyanides in Blast Furnace 
Top Gas. 8. P. Koshelev. (Metallurg, 
1958, (5), 11). When a blast furnace at 
Novo Tula was turned over to ferromanganese 


the cyanide content of the gas increased, 
affecting labour conditions near the furnace 


and poisoning the fish in the river. The 
content had risen to 1 g/m* due to extension 
of the high temperature region of the furnace 
and to the effect of alkali metals in the ore 
and coke ash. Chiatursk ores contain 0-1l- 
0-2%, alkalis after washing (0-5-1-1% run 
of mine). With smooth operation cyanide 
was 0-072-0-234 mg/l. When top gas 
temperature was raised by 46°C cyanide 
rose 30% (with 1-29% Si). Increase of Si 
to 1-85% with constant top gas temperature 
increases cyanide to 0-082-0-165 mg/l. Top 
gas temperature should therefore be kept 
down. Two methods of treatment for waste 
water are given.—R. s. 

High Top Pressure Above One Atmosphere. 
V. P. Onoprienko, B. N. Starshinov, P. G. 
Netrebko, D. 8. Yaloboi and G. B. Rabino- 
vich. (Metallurg, 1958, (4), 6). Tables are 
given of the operation of a Ukrainian blast 
furnace. The top pressure was raised suc- 
cessively from 0-46 atm, (March, 1956) to 
0-71 in July, 1-05 in August and 1-13 in 
October. Iron composition is given and Mn 
ore consumption did not exceed 28 Ib/t of 
iron.—R. 8. 

New Knowledge in Connection with the 
Production of Pig Iron in the Low Shaft 
Furnaces of the German Democratic Republic. 
G. von Struve and R. Ebert. (Bergakademie, 
1958, 10, Apr., 229-235, reprint). After 
outlining the development of the various types 
of low shaft furnace and their underlying 
principles, the main characteristics of the 
furnaces at Calbe are described, with particular 
reference to the distribution of the burden. 
It was found that Mn reduction was as com- 

plete as in the blast furnace, but the Mn 
vield is unsatisfactory due to heavy slag bulk 
and dust losses. Sulphur and phosphorus 
reduction are not as satisfactory, and indirect 
reduction is much less than that in the blast 
furnace. In certain circumstances oxygen- 
enriched blast has been used successfully. 


ABSTRACTS 


Electric Smelting of Iron Ore. K. Sand- 
vold, F. C. Collin and J. Gundessen. (Chim. 
Ind., 1958, 79, Feb., 144-149). Practice at 
Mo i Rana, and Tysland-Hole furnace opera- 
tion or construction are outlined. Material 
preparation is stressed and the relative possi- 
bilities of the electrie and coke-fired furnaces 
are considered. 

Alternative Processes of Making Iron and 
Steel. A. G. Robiette. (Iron Coal Trades 
Rev., .958, 177, July 25, 219-216). A review 
of the processes alternative to blast-furnace 
production, in operation and in the develop- 
ment stage. 

Pre-Treatment of Molten Iron. Desili- 
conization and Dephosphorization Experi- 
ments. L. Cook. (Iron Coal Trades Rev., 
1958, 177, July 11, 87-93). The use of the 


oxygen lance with simultaneous injection of 


lime or limestone, millscale, fluorspar and 
bauxite in various combinations is investi- 
gated. Complete quantitative data and 
analyses are tabulated. 

The Lining of Iron Mixers. W. Rédl. 
(*Radex Rund., 1958, May, 187-194). A 
general discussion of various aspects of the 
selection of materials, design, construction 
and performance of iron mixers. 


PROPERTIES, TREATMENT 
AND USE OF SLAGS 


Thermodynamics of Liquid Blast-Furnace 
Type Slags. I. Evaluation of Activities of CaO 
and SiO,. II. The Application of a New 
Basicity Ratio to Desulphurisation of Carbon- 
saturated Iron. Chou Yuan-hsi. (Acta Met. 
Sin., 1956, 1, (2), 127-141; 143-154). [In 
Chinese]. I. New data are presented for 
activities of CaO and SiO, in liquid CaO—SiO,, 
CaO-SiO,-Al,O, and CaO—-MgO-SiO,-Al,O, 
systems. Activities of CaO are plotted 
against (%CaO)/(%SiO,). The curves lead 
to a new expression for basicity, in which 
CaO activities in all systems become approxi- 
mately equal at the same basicity. A),O, 
shows amphoteric behaviour. (23 references). 
II. The new basicity ratio gives useful results 
when correlated with data for desulphurization 
power. (11 references). II. Evaluation of 
the Activity Coefficient of MnO. (Acta Met, 
Sin., (3), 233-242). The activity coeff. of 
MnO in liquid B.-F. type slags is evaluated 
as a function of a new basicity ratio, with 
reference to pure solid MnO as the standard 
state. The results are discussed from the 
viewpoint of the — nature of slags. (13 
references).—K. E. 

Study on the Activity of Constituents in the 
Molten Slag. m the Activity of Silica in 
the Systems: CaO- “Si0,. Ca0-Si0,-Al,0,. K. 
Sanbongi and Y. Ohmori. (Nippon Kinzoku, 
1957, 21, Apr., 296-300). [In Japanese]. 
Studies in a concentration cell show a break 
corresponding with CaO.SiO, on the e.m.f.- 
composition curve for the CaO-SiO, system. 
The equation giving the activity 
SiO, is deduced. Iso-activity lines in the 
CaO-Si0,-Al,O, system are discussed. It is 
assumed ‘that the anionic species of SiO, in 
the system are S8i0,~* and Si0,*~.—-x«. 8. J. 

A Study on the Diffusion of Calcium Ion 
in Lime-Silica-Alumina Slags by Using a 
Kadioactive Tracer Technique. K. Niwa. 
(Nippon Kinzoku, 1957, 21, Apr., 304- 308). 
[In Japanese]. Using “Ca as tracer, it is 
shown that the activation coeff. of the diffu- 
sion of Cat+ is 30 + 15 k cal in a slag contain- 
ing 43% CaO, 39% SiO, and 18% Al,O,. 

Equipment for the Study of Hot ‘lags. 
F. Adcock. (B.H.P. Tech. Bull., 1958, 2, 
Apr., 11-12). A method for heating minute 
slag samples on the microscope stage by means 
of Pt wires is described. 


DIRECT PROCESSES 

The Direct Reduction of Iron Ore in the United 
States. H. W. McQuaid. (Jron Steel Eng., 
1958, 35, Jan., 69-77). Present capital costs 
are disadvantageous to the B.F. and O.H. 
furnaces, and increased steel demand can be 
met from electric are furnaces. In view of high 
serap costs and erratic supplies, however, there 
is great interest in direct-reduction processes. A 
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technical and economic survey is made of 
recent work on such processes, especially 
those based on hydrogen and natural gas as 
fuels.—xK. B. J. 
Rebuilding and First Results of the Krupp- 
Plant at Salzgitter-Watenstedt. D. 
Fastje. (Stahl Hisen, 1958, 78, June 12, 
784-792). The Krupp- -Renn plant demolished 
after the war was rebuilt in 1955-57, the 
first of the three kilns was put into operation 
in Oct., 1956, the last in March, 1957. Lay- 
out, modification of the plant compared with 
the old one, and results of the first few 
months of operation are described. In 1957, 
production amounted to about 140,000 t of 
awe bars with an average iron content 
of 92-5 —T, G, 

The "RN Process for Direct Reduction of 
Iron Ores. (Met. Prog., 1958, 73, April, 
73-77). A pilot plant jointly developed by 
the Republic Steel Corp. and the National 
Lead Co. at Birmingham, Ala., is described. 
Fine ore is reduced directly with coke breeze, 
anthracite duff, etc., to produce a briquetted 
concentrate containing 90-95% total Fe and 
3-8% SiO, which is suitable for further pro- 
cessing in blast furnaces, cupolas or O.H. 
or electric furnaces. 

Procedures for the Direct Reduction of Iron 
Ore and Melting Generally. Fifth Committee. 
General and Technical Studies. E. Aguilar. 
(Second National Congress of the Iron and Steel 
Industry, [Mexico], 1957, 101-109). The 
“H” hydrogen reduction process is described 
and costs are given. 


PRODUCTION OF STEEL 

Twenty Years of Steelmaking. RK. C. Baker. 
(Iron Steel, 1958, 31, May, 186-192). The 
author describes the changes made in steel- 
making plant and procedure at John Baker & 
Bessemer Ltd. during the past 20 years. 
Particular reference is made to instrumenta- 
tion and automatic control.—e. F. 

New Developments in Steelmaking. J. 8. 
Curphey. (Refract. J., 1958, 34, June, 259- 
272, discussion 273-275, 277). A review 
of recent processes with reference to furnace 
and other vessel construction and refractory 
linings. 

Open-hearth Furnace Regenerators: A Sur- 
vey of Theoretical and Experimental Work, 
with Recommendations for the Calculation of 
Preheat. 8B.1.5.R.A. Regenerator Group. 
(J .1.S1., 1958, 190, Nov., 254-271.) [This 
issue. ] 

Mechanising the Preparation of ome 2 
Materials in Electric Steelmaking. A. 
Sapko, V. P. Dobrov and V. D. Kuc Soe 
(Metallurg, 1958 (6), 20-22). The authors 
outline some defects in methods of crushing 
ferro-silicon at electric steel plants and suggest 
some improvements.—R. 8s. 

Research on the Desulphurizing Properties 
of Ochre. I. G. Yamaguchi and H. Abe. 
(Ann. Rep. Eng. Res. Inst. Tokyo Univ., 
1957, 16, Sept., 92-94). [In Japanese]. 
Chemical and thermal analyses show that 
samples are crystalline or amorphous Fe,Q,. 
H,0. Desulphurizing power is attributed 
to amorphous hydrated Fe,0,.—k. £. J. 

The Vacuum-lifter Process of the Dortmund- 
Horder Hiittenwesen AG. F. Harders. (J.1.S./., 
1958, 190, Nov., 306-311.) [This issue. ] 

Reducing the Consumption of Aluminium 
for the Deoxidation of Steel. A. M. Ofen- 
genden and R. P. Nesterovich. (Metallurg, 
1958 (6), 11-12). At Kuznetsk, steel is pro- 
duced in 130-t furnaces with magnesite chrome 
roofs and is uphill cast into 3-5-t ingots. 
Aluminium (2 Ib/t) is used as a deoxidiser 
in the ladle. On the basis of formulae given 
for calculating the optimum amount of Al 
to be added to the ladle for the deoxidation 
of non-welding and welding quality tube 
steel, Al usage for low carbon tube steel was 
fixed at 1-5 to 1-2 lb/t.—rx. s. 

The Effect of Aluminium ou the Inoculating 
Power of Ferro-Silicon and iis Tendency to 
Give Pinholing. J. V. Dawson. (B.C.I.R.A.J., 
1957, 7, Aug., 2-9). At least 1% Al is needed 
for light sections, for heavy sections rather 
less will serve. The increase in inoculating 
power of Fe-Si by addition of Al is shown by 
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the increase of eutectic ceils per unit area. 
A relationship between mechanical strength 
and no. of cells is demonstrated. 


(Prague), 1958, 8, ‘Apr., 122-127). The fac- 
tors governing the appearance of faults in 
steel ingots with 0-14-0-20% C are examined, 
and a method is given of calculating the time 
which should be allowed to elapse between 
the filling of the mould and the moment when 
rimming should be stopped. Tables give 
the results of analyses of ingot faults and their 
chemical composition. Killing of the steel 
in the mould is suggested as a method of reduc- 
ing the scrap and limiting the action of P and 
8, while reducing ingot growth. For the 
attainment of optimum aati it is necessary 
to fix exactly the time between the filling of 
the mould and the completion of rimming. 
On completion of deoxidation, the surface 
of the steel must immediately be quenched 
with water. Further experiments are re- 
= to assess the suitability of this method 
or ‘9 a ok -drawing rimming steels. 


A Correlation of Data on Deoxidation by 
Si, Al and Mn with the Nature of Deoxidation 
Products. Chou Yuan-hsi, Chiang 4Hsin- 
yuan and Hsu Ka (Acta. Met. Sin., 
1957, & No. 3, ~ 294). {In Chinese}. 
(13 references). -—K. E. 

The Effect of Furnace Atmosphere due = 
Combustion Upon Hydrogen Content 
Liquid Steel . Lee Hsun and Yang Wei- Shen. 
(Acta Met. Sin., 1956, 1, (4), 395-400). {In 
Chinese}.—xK. E. J. 

An Investigation of Internal Defects in 

Chromium Stainless Steel. Lee Hsun, 
Ho Chain-chu, Chang Chin-fang, Fung Mun- 
chu, Yan Sho and Chao Hwei-tien. (Acta 
Met. Sin, oe 2 (1), 1-12), [In Chinese}. 
Axial crackix rosity in ingots and ghost 
lines in forg: Bil ets have the same origins, 
being associated with the presence of non- 
metallic inclusions. These defects were re- 
duced by improving the deoxidation procedure 
during smelting and using thin-walled refrac- 
tory ingot moulds. Perfectly sound ingots 
can be obtained by vacuum melting and cast- 
ing. (29 references).—x. E. J. 

“ Flocast ’ Method of Continuously Casting 
Iron Bar. H.E. Morris. (Foundry Trade J., 
1958, 105, July 3, 5-13). An account of the 
melting, pouring, pulling and cut-off mechan- 
isms is given. "The ha hardness and other proper- 
ties of the bar are indicated. 

Continuous of High-speed Steel. 
B. H. C. Waters et al. (J.I.S.1., 1958, 190, 
Nov., 233-248.) cores issue. ] 

The ge Continuous Casting Plant in 
the World. V. V. yurorakhe, E. M. Kan 
and A. G. Chumichev. (Metallurg, 1958, (6), 
15-17). This plant is under construction at 
the Kuznetsk plant at Stalinsk. It will cast 
carbon and low alloy steel from 140-t ladles 
simultaneously through four strands. Billet 
and slab sizes range from 4-75 to 10-in, thick 
and 2 to 4-ft wi Casting speed is up to 
4 ft per min. The ‘machine is in a pit 78 ft 
deep. Four double-stoppered tundishes are 
used. Automatic ses a of the moulds 
is provided. All esses are automatic. 
A model of this machine is at the Brussels 
exhibition.—k. s. 

an — of sae for Cogging. 
A. M. Ofe (Metallurg, 1958, (6), 
13-15). At we or six ingots are uphill 
cast on a bottom plate. It is shown that, 
by increasing the weight of rimming and 
killed steel ingots from 2-8 to 3-4 metric t, 
ingot metal and refractory consumption were 
markedly reduced and blooming mill pro- 
ductivity was increased.—z. 8. 


PRODUCTION OF 
FERRO-ALLOYS 
Grades of Ferronickel and 
Their Main Uses. J. A. Ternisien. (Mé. 
Constr. Mécan., 1957, 89, Nov., 917-925, 940, 
953). Various grades of ferronickel are 
— including their elasticity, magnetism 
d electrical properties. The influence of 
alloying elements is discussed and suitable 
compositions for a given purpose are indicated. 
(31 references).—R. P. 
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ABSTRACTS 


FOUNDRY PRACTICE 


Census of Production for Iron Foundries. 
P. Moore. (Found Trade J., 1958, 105, 
July 17, 73-75). I dliimashos of the Iron and 
Steel Board figures and of the Census of Pro- 
duction 1954, which are used to estimate 
statistics for the industry as a whole. 

Delivery by Pneumatic Tubes Speeds 
Foundry Tests. (Jron Age, 1958, 181, Apr. 
10, 106). Delays in delivering melt samples 
to the laboratory, and in reporting results 
were avoided by connecting the shop and 
laboratory with a pneumatic tube.—p. L. ©. P. 

(Foundry > }. (Metallografiska Insti- 
tutets Forsk k 1956, Jan.-June, 
July-Dec., 1957, Jan.-June, pp. 26, 27, 24). 
The Stability ‘of Moulding Materials of 
Various Sands. H. Pettersson. ((10), 8-15). 
This investigation covers grain size, distri- 
bution, porosity, tamping, tests with spherical 
grains, partially controlled grain distribution, 
tests with blended synthetic sands, and finally 
conclusions on the results. Metal Penetration 
in Box Walls when Casting in Sand Moulds. 
H. Pettersson. ((11), 13-15; ((12), 9-13). 
Method of Preparing Collar Cores. T. Malm- 
berg. ((11), 15-19).—+®. R. x. 

A Simulation of Melting Shop Operations 
by Means of a Computer. K. Neate and W. J. 
Dacey. (Process Control Autom., 1958, 5, 
July, 264-272). 

Preparation and Planning for Moderniza- 
tion. J. L. Carter. (Castings, 1957, 3, 
Nov., 47, 49, 50, 51; 1958, 4, Jan., 33-38; 
from Gray Iron News). Various points 
needing attention are noted. 

Foundry Mechanisation.—III. R. H. Herr- 
mann. (foundry, 1958, 86, June, 62-65). 
The permanent mould foundry of the General 
Electric Co. at Elmira, N.Y. is described. 
The foundry is equipped with four rotary 
machines each having 12 moulds for produc- 
ing grey iron castings. Operating cycle, 
melting im a neutral-lined cupola and quality 
control as well as pattern waking and storage 
are described briefly.—r. c. 


Automated Foundry System is Flexible. 
(Steel, 1958, 142, June 16, 98-99). A brief 
description is given of a system designed 
for a production jobbing shop, which allows 
variations in output rate, casting size, shape 
and weight. Output is 300 molds per h and 
36,600 t of castings a year.—a. G. 

of Automation in the Foundry. 

of its Application. J. Le Covec. 
(Fonderie, 1958, Mar., 105-112). The appli- 
cation of automatic methods to foundry 
processes is described and illustrated. The 
problems involved in introducing automation 
into the foundry are briefly discussed.—n. c. w. 

The Problem of Automation in Foundries. 
P. Schiegries. (Giesserei, 1958, 45, June 19, 
363-365). The necessary conditions are out- 
lined for the ability of the foundry to compete 
successfully with other manufacturing process, 
the production of baths being cited as an 
example, with reference to American practice. 

Steps to Take in 
H. Chappie. (Foundry, 





Hot Tears. 

. duly, 82- 

84). Hot tears in a press platen weighing 

27,000 Ib. with ribs up to 22 in. high were 
a 
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eliminated by design change and appropriate 
foundry practice, e.g. using a sand which 
absorbs expansion (wood flour); multiple 
gating of correct thickness; use of external 
chills; favourable design {staggered ribs); and 
use of an iron with 0- 40% C. After employ- 
ing this technique, weld time for repair 
of the castings was redu from 50 to 1 hr. 

The conaens one Finishing of Heavy Steel 
H. C. J. Corke. (#.8.C. News, 
1958, 11, Spring, 4-9). An illustrated account 
of the various operations. 

How to Set Production Standards for 
Pouring, Shifting, ut. J. E. Keith. 
(Foundry, 1958, 86, July, 85-89). The 
author describes a simple, accurate, and inex- 
pensive method of setting production stand- 
ards for pouring, shifting, and shakeout opera- 
tions. number of examples are quoted 
and some forms for calculating ettisioney 
illustrated.—r. Gc. 
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lose Control Keeps Foundry on Schedule. 
G. = t Loftin, dean Age, 1958, 781, May 8, 
100-103). The process planning and control 
system at a jobbing foundry are described. 
The method gives priorities to the work and 
loads the plant, and has considerably reduced 
the number of late deliveries.—p. L. ©. P. 
Changing Physical Demands of Foundry 
Workers in the Production of Medium Weight 
Castings. H. Scholz. (Hrgonomics, 1957, 1, 
Nov., 30-38). Studies on conditions in 7 
foundries are reported, both old-fashioned 
and mechanized. High physical demands 
were found to exist even in the latter. The 
various trades are considered and performance 
levels and rest periods are shown. 


VACUUM METALLURGY 
Instrumentation in Vacuum Induction Melt- 
ing. (Ind. Heat., 1958, 25, Apr., 732-734). 
The control system of an industrial furnace 
of one ton capacity is described. 


Furnace for rg a and 
Vacuum Melting. (Brit. Steel, 1958, 24, Apr., 
110-111). A new laboratory arc furnace 
introduced by Edwards High Vacuum Ltd. 
is capable of quick adaptation for either 
consumable-electrode or non-consumable elec- 
trode melting, and either under an A atmos- 
phere or in a vacuum. Details are given of 
the design of the unit and its pumping system. 
New Temperature . (Tron 
Steel, 1958, 31, Mar., 112). Graphite resistor 
furnaces es eRe of providing temperatures 
up to 3000° C have been developed by G.E.C. 
Ltd. Brief details are given of a unit in- 
stalied at the B.S.A. Laboratory in Birming- 
ham for sintering materials for use at hi 
temperatures. It is designed for pe 
up to 2000° C and to maintain a good vacuum 
to prevent ae Pen of the charge.—<. F. 
tudy on th of Vacuum-Melted 
Steel. I. On. Quench e- R. 
Yamada, K. Yokoyama, T. Nakamura and 
F. Urushibara. (Nippon Kinzoku, 1957, 21, 
Mar., 141-145). [In Japanese]. A range of 
carbon steels melted in vacuo and in the atmos- 
phere, containing carbon in the range 0-02- 
0-87%, and of commercial steels, was ex- 
amined. The as-annealed hardness and the 
as-quenched hardness of the vacuum-melted 
steels were lower than those of the steels 
melted in the atmosphere and the commercial 
steels; the hardness increase and increasing 
rate of hardness due to ageing were also lower. 
The change of hardness due to ageing in 
vacuum-melted steels was most marked when 
specimens containing 0-05-0-1% C were 
quenched from approx. 700° C.—x. EB. J. 
Vacuum Pic ae | of Ingots for a 4 
Forgings. J. H. Stoll. (Blast Furn. Steel 
Plant, 1958, 46, June, 595-605). The author 
describes two 250-t vacuum degassing units 
for ingot casting. On top of the vacuum 
unit is mounted a pony ladle which is filled 
from the furnace ladle. The vacuum equip- 
ment is described as well as the monitoring 
system. The latter consists oftwo TV cameras 
and a high-speed cine camera. Preparation 
of tank and mould, operation of the vacuum 
unit, pouri ng stream, hydrogen removal, the 
properties of the steel, including defects, and 
finally cost factors are dealt with.—t. c. 


REHEATING FURNACES AND 
SOAKING PITS 


Convection and Radiation in High Speed 
Heating. N. H. Davies and R. J. Reed. 
(Steel Proc., 1958, 44, Mar., 155-160, 162). 
Soaking pit and heat treatment furnace 
conditions ars discussed. (21 - ae 


Resistance Heating of Billets. Trinks. 
(Ind. Heat., 1958, 25, April, ns. 714). A 
summary of the paper by W. Stich, Stahl u 
Bisen 1954, April 4. 

New Continuous Bloom Reheating Furnace. 
Unstr. Practice, 1958, 12, July, 784-785). A 
furnace with a hearth 75 x 16 ft installed 
at Cargo Fleet for the Ormesby Rolling Mill 
is described with special reference to control. 

Numerical Evaluation of Somgeratare Dis- 
tribution in Forging Ingots. N. V. Hunt. 
(B.H.P. Tech. Bull., 1958, 2, San. 25-31). A 
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ee ang for predicting the conditions in 


sorging ingots during soaking is described, 
an example. 


HEAT-TREATMENT AND 
HEAT- ras FURNACES 


Heat Treatment Furnace Installa- 
tions. (Metallurgia, 1958, 57, Jane, 283-302). 
This comprehensive review shows a trend 
towards furnaces of greater capacity and sim- 
ion. Improvements are in detail 
~_: reater attention is being given to the 
problem of controlled atmospheres.—a. c. 
Choice of a Furnace for Thermal Treatments. 
Vv. Taleade. (Chal. et Ind., 1958, 39, May, 


130-134). Various factors influencing the 
choice of a heat-treatment furnace are enumer- 
ated and 
Definitions of Terms Used in the Heat Treat- 
Testing of M 


L. Walter (Gas World, 1958, 38, July 19, 8-9). 
Factors in a are briefly reviewed. 

Two to Heat Treat Savings. (Steel, 
1958, 142, June 16, 100-101). Changes in 
the methods of fabricating high strength auto- 
motive steering knuckles and of quenching 
transmission gears are grasp which have 
led to cost —— —A. 

An Application of the Theory of sae me 
Loads to the Calculation of 
Furnace . G. Auke Bea. (Dyna, 
1958, 38, May, 354-355). {In Spanish). 
equation is derived that relates the Geistale 
loading of a furnace to the physical and 
economical factors of its operation. A 
numerica! example is given.—?. s. 

A Study of Tem) i in Heat 

N. Ipsen. (Met. Prog., 1958, 
73, May, 89-92). Data are given which 
show that fans and bafties promote uniformity 
of temperature when packed charges are 
heated in a muffle furnace. The importance 
of accurate temperature distribution in gas 
carburizing and in the treatment of alloy 
steels is va mag 

Contribution to 


of TTT Diagrams to High Cooling Rate in the 


Treatment Steels. H. Baers and 
. J. Schmidt. (Stahl Hisen, 1958, 78, May 
16, 663-638). TTT di a the struc- 
ture of a steel after slow ling to room 
temperature, and are usually oa yo ncn to 
materials that have been rapidly cooled. The 
authors quenched steel bars of up to 400 mm 
diameter in oil and water and recorded the 
cooling curves. They found that the resvlts 
obtained were in good agreement with calc 1- 
lations by the Russell~Bachmann method for 
bars up to 500 mm in diameter.—r. a. 

Decarburization of White aa under Non- 


Eww e Conditions. T. Moore. 
(BOCI.R.AJ., 1958, 7, Pl 258-261). 


Excess 5 white i irons decarburize more slowly 
than balanced 8 irons before graphitization 
begins. Increase of the austenite-carbide 
interface increases the rate of decarburization 
in the initial stages. The results are consist- 
ent with the suggestion that carbide solution 
in austenite is a limiting factor influencing 
Cremoval. Free FeS also seems to reduce the 
rate of solution of carbide in austenite. 
on Heat-Treatments of High 
Tool Steels. III. On Stepped. 
h-Carbon : 
(Nippon Kinzoku, 1957, 21, Feb., 
Fa Japanese). Results were ob- 
from hardness, impact, bending and 
magnetic measurements. The poser J of 
retained austenite in stepped-quenched is 
more than in normally quenched steel, and 
mechanical properties are improved. Hard. 
ness and retained austenite decrease with 
increase of holding time in the hot bath (500° 
C). Retained austenite increases markedly 
with decrease of the cooling rate from 500° é. 
(22 references).—x. E. J. 
the as otto gg of a Alnico-5 
Magnet. T. oe ti and 
Y. Kimura. es i 1957, 21, 
Mar., 187-190). [In Japanese]. The coercive 
force (or pen Poe induction) of Alnico-5 
changes logarithmically with cooling rate 


of 
Nemoto. 
89-92). 
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when cooling from 1000° to 700°C, with or 
without a magnetic field. Changes of coercive 
force as a function of ageing time after cooling 
in a tic field can be expressed by the 
Austin-Rickett formula. The results are 
exp qualitatively in terms of structures 
and activation onerty. (11 references). 

The Influence of Design 
Technique on Heat Treatment Stresses. A. G. 
Gardner. (Wild Barfield J., 1958, 6, June, 
2-5). Effects of shape and modified quench- 

methods Beth ‘Quenching indicated 
at Low Temperatures 
in Bateotoid Carbon Steel. II. On the Relation 
between Toughness and Structural Constituents. 
I. Tatsukawa. (Nippon Kinzoku, 1957, 
Apr., 203-206). [In Japanese]. Results are 
any for 0- 8% C steel wires hot-bath quenched 
above and below the Ms temp. = 
shapes of the curves for absorbed energ 
fracture in the bending test against nelaing 
time in isothermal treatment are dentine 
whether the soaking temp. is above or below 
the Ms point; every curve has @ max. corres- 
ponding with a structure giving improved 
toughness. Retained austenite decreases the 
_ stress; and superior toughness with high 
porn can be obtained by certain hot-bath 
in the martensitizing range, as 
pom with normal oil- snonahinn and 
tempering.—x«. E. J. 

“ Structural Shrinking ’—A New Shrinking 
Process. A. Peiter. (Werkstallstechnik Mas- 
chinenbau, 1958, 48, mer 265-270). A pro- 
cess is described, by which changes in shape 
of hardened steel rings on heat treatment 
are utilized for shrinking on the rings. By 
studying the resultant stresses the pa ome 
of the temperature of heat treatment and the 
geometry of the rings are examined, and the 
results discussed. 

On Repeated Subzero Treatment of Steel. 
M. Kondo and T. Hachisuka. (Nippon 
Kinzoku, 1957, 21, Apr., 227-230). 


Ja }. Changes inh 
high carbon low i 


Co. for continuous treatment of small parts 


are eget 
Studies on the Temperability of Carbon-Steel 
Wires (2nd Report). On the Effect of Carbon 
Content. M. Sugiyama, (Nippon Kinzoku 
1957, Ee 498-591). Wires of 0-62, 0-80 
and 1-08% C were quenched and tempered at 
various temperatures, and their mechanical 
2 age assessed by behaviour in a bend 
The critical tempering temperature, 
pel which the specimens did not break, 
increased with carbon content. The 1-08% 
C steel had the highest strength when it was 
austenitized non-uniformly. Generally, the 
critical temperature was ys ie defined, in 
terms both of percentage of specimens frac- 
tured in the bend test and of angle of bend at 
which fracture occurred.—J. @. w. 
Study on “Strain (KRK Process).” 
TX. On the bem sph tropy - a Silicon- 

Tron Alloy by Strain 


. M. Kyotani. 

(Nippon Kinzoku, 1957, 21, Mar., 163-166). 
n Japanese]. Results are reported for 2.6% 
i-Fe alloy strip. The magnetic character. 
istics are effectively improved by the KRK 
process, and it is most effective when strain- 
tempering is applied after the skin pass of a 
few per cent. reduction. The treatment 
accelerates the rotation of crystalline orienta- 
tion to the direction of magnetization.—x. z. 3. 


FORGING, STAMPING, 
DRAWING AND PRESSING 


Stainless Forging Takes Control. 
(Steel, 1958, 142, June 9, 92-94). Techniques 
are described for the successful forging of 
stainless steel parts. Proper cutting and 
handling minimise carburization and splitting. 


Big Drop Hammer Raises Quality, Lowers 
Cost. G.H.DeGroat. (Metalw. Prod., 1958, 


102, Aug., 1, 1350-1351). A 50,000 Ib 
steam hammer at Park Drop Forge Co. for 


"181, Mar. 6, 122-125). 


closed-die e forging techniques is used for heavy 


"Tike fae are ae 
Methods. 
40-43) Mary et sien yom, © 
. gear Pp ’ 
rotary forging process, and the cross-extrusion 
process (for es of are described. The uses 
and advantages of each are briefly noted. 


with H.F. Induction Heating. 
R. Schiesser. (Metalw. Prod., 1958, 102, June 
27, 1123-1126). A Brown-Boveri ‘plant and 
its ee are described. Small parts are 


produced 
Tool Wear rs the Cutting and Blanking of 
Sheet Kienzle and W. Kienzle. 
(Stahl a 1988 78, June 12, 820-829). 
re a Bae lanking mechanisms are ex- 
and sedeoae on blanking using various 
bool steels and a variety of sheets are reported. 
Steel-Tube Stampings: Short Cut to Complex 
Shapes. J. F. Hullman. (Iron Age, 1958, 
~~ : ee of instances 
ere savings have m made b re 
from welded steel tube ree of soli 
ars or castings, are given.—D. L. ©. P. 
Dies Cut on Thin 
Sheet. F. Strasser. (Iron Age, 1958, 181, 
June 12, 90-91). The desi and methods 
of use of dinking dies are described. These 
are inexpensive and suitable for blanking or 
piercing thin sheets (up to 0-08 in. thick) of 
soft metals.—a. Gc. 
Produc- 


Induction Heating Facilitates Axle 
tion. (Ind, Heat., 1958, 25, Apr., 720-724). 
Drop axles are produced by the machining 
of bar stock followed by bending after induc- 
tion heating, instead of from drop forgings. 


The Possibilities of Developing a WNon- 
Ageing Deep-Drawing Steel. D. Tlusté and 
J. Skéla. (Hutnik (Prague), 1958, 8, Apr., 
118-122). The subject is written up from 
West Euro: gine 8. sources. In Czecho- 
slovakia the production of deep-drawing 
sheet ts a considerable proportion of 
total sheet ag op but in fact it’s ——, 
leaves much to be desired. The prob 
—- improvement is under PO? sg and it 

admitted that the method of stabi- 
iisetion of rimming steels, taken up experi- 
mentally in Czechoslovakia about a year ago, 
is now confirmed as correct in the light of 
world trends and of the results of these experi- 
ments to rag ge T. 
= a -_ Wear Resist- 
ance of Machine oe ae Burnishing. 
A. I. Barats. fates Obrabotka Met., 
1957, (9), 47-51). Equipment used and the 
performance of the hardened parts is described. 
A unit for surface hardening parts up to 205 
mm diameter has been construc It is 
set up on a lathe bed and travels along the 


workpiece axis. 
« Replorer Nose Cold Formed From 430 


. (Iron Age, 1958, 181, Mar. 6, 
113-115). The ‘ Floturn’ cold roll-forming 
technique was used to shape the nose-cone 
of the Explorer earth satellite. The cone is 
12 in. long, 6 in. dia. at the base and approx. 
0-015 in, skin thickness, increasing to ra 
in, at the tip.. In the ‘ Floturn* 
roller-t tool spreads a metal blank to the 
shape of a mandrel, as the workpiece and 
mandrel both revolve. Considerable benefit 
accrues from the extreme degree of cold 


work.—D. ©. L. P. 

. H. P. Tardif and 
WwW. ap tg (Can. Min. Met. Bull., 
1958, 51, June, 352-359). A review of the 
deformation of metals under shock, the mark- 
ings produced on the surfaces and the shaping 
of metals by means of explosive charges is 


(40 refs.) 
(Mech. World, 1958, 
138, July 305-307). An account of the 
Kingtield works installation. Equipment is 
listed and heat treatment outlined. 
Friction and Lubrication in Wiredra 
A. E. Jones. (B.H.P. Tech. Bull., 
2, Apr., 13-20). Dies are also discussed 
Effect of Working | arming, ta in 
of Wire Rope by 
Mechanical 


Schemmer. (Stahl Eisen, vies, Tig July 10, 
960-965). Patenting by resistance heating 


1958, 
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as compared with patenting in a conventional 
gas-fired oven gave better tonaile tensile and bending 
pro) of the steel wire, the properties 
of resistance-heated wire were more uni- 
form. The results are presented in many 


graphs.—t. G. 

Spentmene. Comnning 
oO weg yg Wire Rope by Resistance 
Heating in Relation to Strength Properties. 


A. Rose, L. Rademacher and K. Schemmer. 
(Stahl Eisen, 1958, 78, July 10, 966-974). 
The metallurgical processes occurring in the 
patenting, and the formation and disintegra- 
tion of austenite were studied by thermal 
analysis and dilatometric tests. TTT dia- 
grams are presented. The transformation 
mechanism during patenting is explained. It 
is shown that the absolute tensile properties 
of the wire are independent of the type 
patenting.—tT. G, 


ROLLING- err sternal 


A New Theory Rolling. A. 

(Acta Techn., 1957, 19. (1-2), fee-Sis° a7 
German]. A critical examination of existing 
theories is made and defects in the assump- 
tions behind them are indicated. Enlarge- 
ment and forward slip are then ‘taken into 
account and the forces involved, includi 
those previously neglected, are now consi 
ered. Compressive stress at any By grnndlarcs be- 
tween the rolls which with the yiel 

of the material make up the system, is suited 
to be made up of two components one from 
the frictional forces and the other from the 
extruding effect of pressure in an axial direc- 
tion giving forward slip. The expressions 
produced hold for both hot and cold rolling. 


molt age oy ie ome gy 
Operational 


Errors 

Telee..-. WW anheotemenchath Maschinenbau, 
1958, 48, May, 259-261). In certain cases 
the two-flank rolling diagram can indicate 
excessive errors. The cause of these is 
discussed theoretically and with reference to 
examples. 

On the Hot Workability of Low Carbon 
Special Shaped Steel. T. Akutagawa, Y. 
ae E. Asano and A. Suseki. (Ann. 

ep. Eng. Res. Inst. Tokyo Univ., 1957, 16, 
sent., 75-80). [In Japanese]. Surface craz- 
ing. defects observed at 850-1250°C d 
rolling depend on the amounts of Cu, Sn and 
Lo es and on factors concerning - 

eoxidizing periods. (14 references), 

Two-Dimensional Distribution 2 
Components for Plate Rolling. Wang Mei- 
ying. (Acta Met. Sin., 1956, I, (3), 2956-300). 
{In Chinese}. The surface distribution of 
friction components is calculated using a 
method based on the “rule of gradient " 
and an experimental pressure surface. The 
surface obtained gives a boundary condition 
for the case of three-dimensional plate rolling, 
and the method is also applicable to forging 
ete. (10 references).—x. 

Is Your Lube Oil Giving ¥ ua Top Mileage? 
(Iron Age, 1958, 181, Fob. MoT, 
The operation of the airborn-fog centralized 
lubrication system on a 700 ft rod-cooling 
unit is descri The “ Micro-Fog ” 
serves 576 bearings, 188 gears and 6 drive 


mechanisms 1} quarts/h oil.—p. L. o. P. 
Roll in Section Mills. I. F. 
Revenko and I. M. Konovalov. (Metallurg, 


1958, (6), 23-25). The authors discuss 
improvements in pass design for spring steel 
bars in the 16 in. mill, for See and squares 
in the 14 in. mill and for *, < § in. in the 
10 in. mill at Kuznetsk.—. s. 


Light Section . §&. Makrlik. 
(Czech. Heavy Ind., 1958, (6), 25-30). A 
general account of "Czech installations and 
practice. 


Roller Guides for a 10-in. Rod Mill. B. M. 
Maksimov, N. P. Ghetvin, A. A. Ivanov and 
G. V. Babkov. (Metallurg, 1958, (5), 28-30). 
Guides of Cr-steel are described. They have 
a life of 40-45 shifts rolling 8-12 mm rounds 
in the second train and a life of 18-20 shifts 

ing 5- 25-7 mm rounds in the third.—z. s. 

Mills. V.Matouiek. (Czech. Heavy 

Ind., 1958, (6), 20-25). A general account of 
Czech installations and practice. 
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The Mill and its Uses. T. 
Sendzimir. (Iron Steel Eng., 1958, 35, Jan., 
95-99). whe aperetion: of the mill is described 
in detail, various types of complete 
installation are discussed. The strip tempera- 
ture is normally higher at exit than at entrance 
to the mill; hence obvious applications are to 

hard where scaling is 
temperature control 
can be achieved with slabs butting against 


one another, and protective 

can be used. A vertical mill to work with 
continuously cast slabs is being d ed. 
Effect of Working Conditions of a 
Stand Cold-Rolling Tandem Mill on the 
Mechanical Properties of Steel. J. G. 


(Stahl Eisen, 1958, 78, July 10, 
The total output of the mill 
depends for equal total reduction on the selec- 
tion of the individual reductions in the three 
stands. The total output is highest for high 
reductions in the second and third stands 
and for low reductions in the first stand. High 
reduction in the last stand yields high tensile 
strength in the strip. Tests on lubrication 
show that tallow emulsions are best. Using 
tallow emulsions the relation of yield strength, 
tensile strength and hardness remains un- 
altered after annealing and a finishing pass 

The New Hot-Strip Rolling Mill of Borsig 
A.G., Berlin-Tegel. W. 5S and 0. 
Dahlke. (*Stahl Eisen, 1958, June 12, 
812-820). The steelworks at Borsig, Tegel, 
was supplied with a hot-strip mill for supply- 
ing their tube plant. The mill consists of a 
two-high reversing stand and of five, four- 
high, finishing tandem stands. The ingots 
are rolled into the finished strip in one opera- 
tion without intermediate reheati The 
surface quality of the strip is sufficient for 
tube fabrication.—+. ¢. 


eS ee a at ee 
Particular Reference to 


with Research and 
Development. H. Edwards. (Trans. Man- 
chester Assoc. Hng., 1955-1956, 355-377, 


discussion 378-386). An outline of all stages 
of the process is given, with a section on 


quality control. 
Effects of Finishing and Coiling Tempera- 
tures Rolled Steel 


on the wor of Hot-! 
. J. K. Macdonald. (B.H.P. Tech. 
Bull., 1958, 2, Apr., 38-42). Grain structures 
of rimmed and semi-killed —_ are shown. 
and Regulation of Cold Rolling 
Mill. H. Brunsberg. (Za Technique Mod- 
erne, 1958, March, 92-98). The problems 
involved in selecting electrical equipment 
for cold se op mills are treated. A study 
is made of systems with multiple motors 
and equipment for total control is described. 
Rolling of Pearlitic 


Lassek and F. Fischer. 
78, July, 10 948-955). Cold rolling of 
sorbitie and pearlitic steels of high-carbon 
content (0-62-1-20%) at various reductions 
per pass showed the excellent deformability 
and high U.T.S. attained by sorbitic steels. 
Cold rolling reduces the transformation 
temperatures and holding times in inter- 
mediate heating.—tT. c. 

Reversing Rolling Mill Drives. (Metal- 
lurgia, 1958, §7, June, 309-311). Requirements 
for large industrial reversing drives and the 
advantages of prem Pam’ mereury are convertors 
for this purpose are discussed.— a. G. 

Electrical Equipment for a Modern Rod 
Mill. E. L. Anderson. (Iron Steel Eng., 
1958, 35, Jan., 112-123). Full details are 
given of control and drive equipment on the 
rod mill at the Johnstown plant of Bethlehem 
Steel Corp.—a 23-stand, 3-strand, high-speed 
mill, having nine roughing stands, six inter- 
mediate stands and eight finishing stands. 
The eleven motors give 7450 h.p. total.—x. EB. J. 


New Methods for the Selection of Personnel 
for a Modern Cold-Rolling Mill. W. Fuchs. 
(Stahl Hisen, 1958, 78, July 10, 974-977). 
The author describes the psycho-physical 
requirements of personnel for key jobs in a 
modern cold-rolling mill and the various tests 
that were carried out in the selection of appli- 
eants. After two years’ operation of the mill 
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it was ascertained that the pt used for 
the selection were correct.—tT 

Measuring Width in a Hot Strip Mill. a 
lurgia, 1958, 57, Joan, 307-308). A brief 
account is given of a for i 
width in a hot strip 
on @ system put ements by BISRA , utilizes 
infra-red radiation to actuate a servo- -mechan- 
ism. Accuracy is about #in.—a. co. 


‘hing Mills. WS. Wells. Prone AEB 


1957, Part 2, 376-378). Decade counters 
are to entry and exit tension rolls 
and extension is determined directly to + 
0-01% or better. 


Instruments for Recording Rolling Processes. 
E. 1. Sametskii. (Metallurg, 1958, (6), 30-31). 
Instruments for recording the num of 
passes, absolute reduction at each pass, time 
taken for each pass, data on manipulators, 
etc. in a 3-high reversing mill are described. 
Instrumentation of a ‘blooming mill which 
records time from arrival of an ingot to com- 
pletion of the last pass, number of ingots 

, and rolling temperature of each ingot 
reviewed.—R. 8. 

Trucks Speed Coil Drying. (Steel, 1958, 142, 
May 19, 146). In the installation mentioned, 
trucks carry the wet coils through direct gas- 
fired ovens on a time schedule.—a. @. 


isa 


MACHINERY AND SERVICES 
FOR IRON AND STEEL PLANT 


Steelworks Power Station at Ra . 
W. M. Kerr. (G.24.C.J., 1958, 25, Apr., 
122-126). 

Two 


Gas-Turbine Sets in a Belgian Iron 
Works. A. Jaumotte. (*Stahi Hisen, 1958, 


78, May 15, 658-663). Design and layout of 
two gas- turbine seta each of 7500 kW output 
are described. When the turbines were 
ordered in 1952, it was thought that a dust 
content of 20 mg/m* of the flue gas could be 

rmitted. It was found that frequent clean- 
ing of the turbine and the coolers is necessary. 
A reduction of the dust content to 1-4 mg/m* 
is recommended.—t. G. 


Instrumentation for Turbo-blower: Kent 
uipment at Appleby- (Iron 
Steel, 1958, 81, May, 193-194). Details are 


given of the Kent instrumentation and auto- 
matic control equipment installed on the turbo- 
blowers at the pleby-Frodingham blast- 
furnace plant. The method of operation 
and the obouteny limits attained are discussed. 
New Scrap Baler: Fielding 
Machine Shows its Paces. (Iron Steel, 1958, 
31, Mar., 105-106). A new triple-com ion 
hydraulic press scrap baler made by Fieldi ding 
& Platt Ltd. is a completely self-contai 
unit capable of handling up to 20t/h of 
heavy grade scrap metal. A description of 


the unit is given.—o. Fr, 
Radio Speeds Scrap Handling. (Iron Age, 
1968, 181, Apr. 17, 106-107). The plant 


of a large scrap-yard ‘and the control methods 
used, are described.—p, L. ©. P. 


Conveyors for Swarf ing. (Mech. 
Handling, 1958, 45, Aug., 524-527). The 
Standard Motor Co. Banner Lane works 
installations are described. 

“Non-Fixed” Conveyors and Elevators. J.M. 
Beskine. (Mech. Handling, 1958, 45, Aug., 
528-537). Machines handling furnace coke 
and other materials are described 

Rail Transport Aids Britain’s Record Iron 
and Steel Production. M. D. J. Brisby. 
(Transport Age, 1957, 1, Oct., 19-23). A 
general account of internal and external rail 
transport for the iron and steel industry. 


WELDING AND FLAME-CUTTING 


Welding—Is It a Menace? An Engineer’s 
View. F. Koenigsberger. (Trans. Manches- 
ter Assoc. Eng., 1955-1956, 83-109, discussion 
109-120). A review of welding defects, of ite 
use in the construction of equipment and choice 
of method and of proper procedure in fabri- 
cation and repair. 

Welding in the Steel Foundry. 0. Berg- 
mann and H. Reichert. (Giessereitechn., 
1958, 4, May, 110-111). The use of welding 
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in the steel foundry is discussed, and two 
examples are given of the repair of castings 
by welding. 

The Repair of Steel by Welding. 
L. Miinener. (Slévdrenstvi, 1958, 6, Apr., 
106-109). The author outlines what a welder 
requires to know about the chemical com- 
position, above all the carbon content, and the 
physical properties of steels, when he is called 
upon to repair worn eastings or make 
defects in new castings by electric arc welding, 
in order to choose the appropriate elect 
and decide what pre- and t-weld eer 
treatments are required. The economic 
advantages of the use of electric are welding 
are Salons tincee T. ~ 

Resisting Steels the 
18/8 Cr/Ni and Heat-Resisting 
F. A. Ball. ( Metal Ind., 1958, 35, July, 
509-522). The use of the atomic hydrogen 
torch, are welding and the electrodes used, 
argon-arc, submerged arc and resistance weld- 
ing are reviewed. A note on si is 
added. (28 references). RTT 

Welding of Nickel and High-Nickel Alloys. 
J. Hinde. (Brit. Weld. J., 1958, 5, July, 
311-318). Clad steels are included. 

The Welding of Thick Steel Plates. (Atomics 
Nucl. En., 1958, 9, Apr., 124). A note on the 
use of the Fortrex 35A electrode in the welding 
of 3—4 in. plate for nuclear reactors. 

Welded Assembly Makes for 
Big Savings. W. E. Meagher. (Iron Age, 
1958, 181, Feb. 27, 110-111). Advantages of 
welded steel compared with soldered cast 
iron for air cleaner units are described. 
Weight has been reduced from 26} lb to 114 Ib, 
and leaks almost eTEy e cost was 
reduced 36%.—»p. L. o. 

Cutting and Welding of Petroleum Refinery 
Equipment. B. Robinson. (International 
Acetylene Assoc. Proceedings, 1956, ~ Pseig 

The Uses of the Oxy-Acetylene Flame 4 - 

Maintenance-of-Way Deyartment. 
Bean. (International Acctulene Assoc. oe. 
ceedings, 1956, 26-31). Kailway uses are 
mentioned including metallizing and pretreat- 
ment and finishing of crankshafts and spray 
welding of cracks in cylinder heads and water 
jackets. 

Wi of Clad Steels. A. Franzén. 
(ESAB Rev., 1957, (2), 3-9). [In French]. 
Stainless-steel clad specimens were welded. 
Choice of welding rod is discussed and the 
various methods of making the welds and their 
properties are described. 

Metallurgical Considerations in the Welding 
of Cladded W. Riideker. 
(Schwei. Schneiden, 1958, 10, July, 255- 
259). The welding of ferritic Cr and austenitic 
18/8 Cr—Ni steels clad with Ag, Cu or Ni or 
with Monel is described. Reec 
for heat-treatment “tie welding are included. 


How and } Wheny fe ise Shielding Gases for 
x eae ive (Iron Age, 1958, 
181, Apr. 10, 91-98). 

Operation Face Lift. (INCO Mag., 1958, 
27, Apr., 6-7). Rebuilding railway carriages 
with extensive use of stainless steel at a 
eost 15%, that of a new carriage is described. 
Welding is widely used. 

Electro-Slag Welding in the Production of 
Boiler Shells. V. I. "Rabinovich. (Weld. 
Met. Fab., 1958, 26, Apr., 134-137, 156). 
In the electro- slag welding process, recently 
developed in Russia, a filler wire is melted 
directly into a “ mould,” two walls of which 
consist of the edges to be joined and the other 
two walls of specially shaped water-cooled 
slides. Some operational data of the process 
are given.—G. F. 

Ultrasonic W Makes Rapid Advances. 
(Steel, 1958, 142, Mar. 31, 80-81). Examples 
of developments in ultrasonic welding tech- 
— are described. Strong bonds in Al 

stainless metals are possible. Seam weld- 
ing and the joining of odd shapes are fields 
of advance.—D. L. C. P. 

Ultrasonic Welding—A New Technique 
Grows. J.B. Jones. (Met. Prog., 1958, 73, 
April, 68-72). The method is used to join 
similar or dissimilar metals including stainless 
steels in thin gauges. The joint is as strong 
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as those produced by conventional methods, 
but no fusion — 


Studies in Series Spot 
Welding. E. F. re W. F. Savage, 8. M. 
Robelotto and K. 5; Desciee. (Weld. J., 

1958, 37, June, 241s—-248s). The welding of 
rimming ‘steel sheet is examined for the effects 
of electrode shape, material and welding 
current on weld strength and consistency and 


on electrode life. 

The Great Influence of Welding on Technol- 
ogy. K. Klippel. (Schweissen Schneiden, 1957, 
9, Dec., 503-512). A wide review of welding 
techniques applied to structures and in 
reactor construction, with a brief reference to 
welding classification.—v. §. 

Inert-Gas Tungsten-Arc Welding SAE 4130 
Steel Sheet—3. oe Effects of A 3 Speed 

on Cracking. ©. A. Terry and W. T. Tyler. 
(Weld. Met. Fab., 1958, 26, Jan., 24°31). 
Welding and hot- cracking tests are reported 
and hardness and structures are examined. 
Cracking occurs in a limited range of welding 
speeds and the form of the relationship of 
cracking and welding speed whether designed 
to produce cracks or not, is so similar that the 
cracking observed must be hot-cracking. 
Ferrite-pearlite banding has a marked effect 
on crac ing severity and the pearlite may re- 
main fluid longer than the pearlite, producing 
a notch effect. 

ments in Welding in 

the N E. B. La Velle, LH. 


uclear Program. 

Rasmussen and E. M. Kuchera. (Industrial 
Atom. U.S. Atomic Energy Commission Tech. 
Inf. Service, 1956, Aug., TID-—8013, pp. 19). 
Purging is done with A, the joint is tacked 
securely at a spacing slightly less than the 
filler rod diameter, the rod is held down tightly 
into the joint roo! and at a tangent to the 
pipe at that point, the arc is concentrated on 
the end of the rod at the point where it is held 
against the root joint, the arc is kept as short as 
possible (# in. appears to be best), and is 
traversed along the pales to form the root 
closure weld. Typical joints are shown. 


D. Ewan. 
22-23). 


ites ot of Plastic-Coated Steel. 
(Weld. Met. Fab., 1958, 26, Jan., 
Spot and seam welding methods are indicated. 


Welding n-Carbon 
Carbon. 


Pressure of Iro: 
the Range 0-50-1-:9% 
(Brit. 


The 

Alloys in 
J. F. Robinson and R. F. Tylecote. 
Weld. J., 1958, 5, Feb., 77-81), Pressure 
weldability in a H, atmosphere was examined 
at 805-1105° C. e steels contained 0- 48%, 
0-83% and 1-88% C and the presence of 
other elements was avoided as far as possible. 
Tensile tests were made on the welds, which 
were also examined metallographically, All 
welds were satisfactory. 

Cold Pressure Welding and Brazing. F. ©. 
Fritz. (Werks. Korr., 1958, 9, Jan., 4-7). 
Joining of Armco iron and steel are included. 
The process and methods used are described. 

Stress Relief of Weld Layers Assures Quality 

(Iron Age, 1968, 181, Jan. 30, 
98-99). The repair of a fractured 5-t crank. 
shaft is described. Alternate welding and 
stress relieving, taking 150 man-hours, gave an 
effective repair at one fifth of the replacement 
cost.— D.L.C.P. 

Induction Heat Raynes of Welded Joints 
of Carbon Steel. V. V. Aleksandrov and 
T. A. Vaskchurova. (Autogennoe Delo, 1949, 
20, (8), 20-23). A study of heat treatment 
leads to the conclusions that prolonged holding 
at a high temperature is not necessary, as 
quick heating to 650°C and air cooling is 
sufficient. An inductor design is given for 
circular or longitudinal welds in boilers and 
petroleum crackers and considerable improve- 
ments in output and power consumption can 


be obtained. 

Wi of Hard and Alloy 
Steels. (Prat. Soud., 1956, 10, 
Oct., 156-161; Nov., 183-188; Dec., 206- 
210; 1957, 11, 9-14). A review in general 
terms of the properties and structures of mild 
and hard coon steels and effects of pre-heat- 
ing and other practices on hardness and other 
properties of welds. Methods of flame and 
electric welding are reviewed showing the use 
of various —— of rod coatings, and a 
summary is added 


E. Henrion. 


Influence of Gases in Arc Welding of Steel. 
J. D. Fast. (Schweissen Schneiden, 1957, 9, 
Dec., 512-517). The physico-chemical reac- 
tions which occur during welding with coated 
electrodes are discussed. The interaction 
between metal and gas is investigated. Causes 
of porosity in weld metal are discussed 
to; o ~ with the harmful effect of gases in 

pay Poe ge —Wv. E. 

of Hydrogen on the Properties of 
We lis P. C. van der Ww illigen. (Gchweieeen 
Schneiden, 1957, 9, Dec., 517— 521). The effect 
of hydrogen in weld metal is inv estigated. A 
review is given of work carried out on micro- 
and macro-cracking in welds due to the 
presence of H, during are welding and the 
welding of mild steel. The formation of 
fish eyes in rolled steel samples is discussed. 
New Technique. C. E. Rorick. 
(Weld 1958, 26, Jan., 19-21). 
Production of honeycomb panels brazed with 
85% Ag-15% Mn alloy operating up to 

1000° F is described. 
Rejects. (Steel, 


Brazing Strip Eliminates 5 
1958, 142, Feb. 10, 83-84). Prediffused silver 
brazing alloy on ferrous or non-ferrous strip 
gives satisfactory joints. 

The Metallurgical Reactions between Brazing 
Alloys and Base Materials and Resulting 
Conclusions A to Constructions 
Designed for . J. Schatz. (Schweissen 
Schneiden, 1957, 9, Dec., 522-530). The 
thermodynamics of brazing reactions are 
investigated. It is shown that wetting of a 
solid metal by means of a liquid solder can be 
determined by the free energy AG of alloy 
formation occurring at the boundary. Effects 
of gases for shielding and of fluxes are dis- 
cussed.—v. E. 

The Use of Gas for Brazing. (Techn. Mod., 
1957, 49, Sept., 484-488). Various types of 
brazing processes using gas heating are 
described. The aspects covered include 
se torches, furnace brazing, and high 

eee radiant burners.—B. C. Ww. 
bliography on Adhesive Bonding of Metals. 
jection Societies Library. (ESL Biblio- 
graphy, No. 12, pp. 23). The period covered is 
1947-1957 with over 150 references to books 
and periodicals. 

Three New Adhesives for Steel, Other 
Materials. (Mat. Design Eng., 1957, 46, Dec., 
156-157). A cyanoacrylate and two epoxy 
compounds are noted. 

Liquid Adhesive Bonds Steel. (Iron Age, 
1957, 180, Nov. 7, 136). The properties of a 
new liquid adhesive “Eastman 910” are 
described. A rapid set-time and high strength 
are obtained on a variety of materials. The 
adhesive action results from the rapid poly- 
merization of a cyanoacrylate monomer. 


The Influence of Welding Current on the 
Economies and Quality of Arc-Welded Butt 
Welds. C. Stieler. (Schweissen Schneiden, 
1958, 10, April, 119-125). It was found that 
with increasing welding current and increase 
in electrode diameter the rate of fusion 
increased considerably while welding time 
decreases. A series of tests carried out on 
St 37 using a current recommended by the 
electrode manufacturer and 20A either above 
or below the recommended value showed that 
the tensile strength was very little affected 
by it except with one electrode of 4 mm dia. 
The notch impact values decreased with 
increase in current.—vU. E. 

The Load-Carrying Capacity of Silver- 
Brazed Joints for a 8 Walled Steel Tubes. 
H. Koch and K. L. Poth. (Schweissen 
Schneiden, 1958, 10, April, 114-119). Silver- 
brazed (40% Ag) tube sections of St. 35.29 
gave a strength value of 40 kg/mm* as com- 
pared with 56 kg/mm? for cold-drawn tubes, 
brazed tube sections in cross form gave 25 
to 30 kg/mm?’ while the shear strength of the 
brazed seams of cross samples was 16-20 
kg/mm*—v. E. 

The Ultrasonic Testing of Welds. M. J. 
Cotter. (Atomics Nucl. En., 1958, 9, Apr., 
115-117). A general account of ultrasonic 
testing is given with a list of commercial 
equipment for weld examination. 

Radiographic Examination of Welds 
in Mild Steel Plates by X- and Gamma Ray 


Brazing 
py Fab., 
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Sources and Some Observations on asne. 
B.W.R.A., and D.I.N. Penetrameters. 

Weld. J., 1958, 5, May, 244-247). 
3, 1, 14 and 2 im. thick were used. 
D.I.N. wire penetrameter was shown to be 
the most reliable and X-rays were found 
superior to y-rays though this advantage 
decreases as thickness increases. 

Failures in Welding and Design. 
Mauchan. (Engineer Foundryman, 1958, ay 
April, 59-60; discussion 60-61). The failure 
of austenitic stainless steel road tankers was 
due to poor welding and severe restraint 


caused by poor desi 
The of Temperature Brazed 
Joints in Heat-Resi Alloys. A. Cibula. 
(Brit. Weld. J., 1958, 5, May, 185-201). 
Spreading temperatures and erosion proper- 
ties are determined for Ni, Ag, Pd, Cu, Co and 
Mn brazing alloys on strips of austenitic 
stainless steel and Nimoniec alloys. Fluxes 
were tested for high-temperature use. Con- 
ditions for high soundness of plane lap joints 

were found for each filler. 
eat Barrier. 


B Alloys Tackle H 
(Steel, 1958, 142, May 19, 140-142). New 
high-temperature brazing alloys for joining 
heat-resistant alloys are reviewed.—a. G. 

Brazing-Filler Metals Meet High-Tempera- 
ture Needs. A. M. Setapen. (Iron Age, 
1958, 181, May 8, 110-111). Recent develop- 
ments in types of brazing alloys for high 
temperature service are described. Lithium 
improves the fluidity and wettability of many 
standard alloys. For joining stainless steel, 
Inconel and other heat-resistant alloys a 
70% Mn-30% Ni filler is being successfully 
used. Gold alloys are useful in cases where 
intergranular penetration cannot be allowed, 
and where high strength and good oxidation 
resistance are needed in the 1600° F region. 

Combine Brazing and Hardening in One 
Operation. R. E. Wright. cea a + Fee 1958, 
182, July 17, 80-81). The General Electric 
Co.’s process for jet engine compressor blades 


is outlined. 
Bonding Methods. J. P. Wright. 

(Metalw. Prod., 1958, 102, Aug. 1, 1352-1358). 
A brief non-technical review of the use of 
bonding to replace welding, riveting, brazing 
and soldering. Operations are indicated in 
general terms and advantages are set out. 

Effects of Oxidation on Adhesion of Poly- 
ethylene to Metals. F. J. Bockhoff, E. T. 
MeDonel and J. E. Rutzler jun. (Ind. Eng. 
Chem., 1958, 50, June, 904-907). Stainless 
steels were used. Exposure of Agilene 
powder, scarfed film or commercial blown 
film to air, producing oxidation of the polymer, 
increases adhesion. 


m-Tem 
ide ‘Adhesives for Metals. \W. E. St. Clair and 
i (Ind. Eng. Chem., 1958, 50, 
June, 908-911). Compositions for bonding 
of aircraft structures resistant to salt fog 
tests are developed. 

Metal Surface — on Heat Resistance of 
Adhesive Bonds. J. M. Black and R. F. 
Blomquist. (Jnd. Eng. Chem., 1958, 50, June, 
918-921). Deterioration of bonds up to 550° 
F was studied. Iron and copper have 
adverse effects, the resistance of bonded Al 


being high. 

Adhesion ae. Molecular Models. D. 
Taylor jun. and J. E. Rutzler jun. (Ind. Eng. 
Chem., 1958, 50, exe 928-934). Studies of 
the adhesion of polythene and poly vinyl 
chloride to metals (Ti, Fe and stainless steel) 
by the use of models of the plastic on surfaces 
marked with the positions of the metal atoms 
are described. 


Sess 
he 


inol Epox- 


Flame-Cu of Air Hardening Steels. 
M. M. Griffith. (International Acetylene Assoc. 
Proceedings, 1956, 97-99). Procedure for 
§ in. armour plate is given. 

Oxy-Acetylene Cutting for Aircraft Jigs 
and Fixtures. B. Russell. Tentusionsl 
Acetylene Assoc. Proceedings, 1956, 20-25). 
Machines used are briefly described. 

Developments in Propane Torch Metal 
Cutting. J. R. M. Barclay. (Engineer 
Foundryman, 1958, 22, April, 64-66). Details 
of the method and its advantages over oxy- 
acetylene methods are discussed. 
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MACHINING AND 
MACHINABILITY 


Cemented Carbide ing Tools. A. G. 
Gardner. (Mech. World, 1958, 138, July, 
308-313). A review of the material, tip 
mounting, tool design and setting, cutting 
speed, feed, depth of cut and coolants with 
further notes on grinding. Causes of tool 
failure are classified, 

Alter Tool Structure for Longer Life. H. 
Chase. (Iron Age, 1958, 181, Mar. 6, 117— 
119). The “ Vitalizing ’’ process developed 
by the Scandia Tool Co. for improving tool 
life is described. It was shown to improve 
rapidly as the amount of retained austenite 
decreased below 10%. “ Vitalizing” is an 
electronic process employing a chemical bath. 
Ultra-high frequency current with varying 
resistances converts nearly all the austenite 
to martensite. In addition to high speed 
steels the process is beneficial to air-hardening 
steels, high-carbon high-chrome steels and 
oil-hardening steels. Application is to tools 
having sections of more than } in. in thick- 
ness, where there is liable to be retained austen- 
ite; sizes up to 20 in. dia. by 30 in. long 
ean be treated. Tool life can be increased 
between 30 and 500%.—». L. c. P. 

Current Experimental Work with Sintered 
Oxide as a Cutting Tool. H. Eckersley and 

..< (J. Inst. Prod. Eng., 1958, 37, 
June, 341-362). A detailed review of recent 
publications on the use of Al,O, tools. (16 
references). 

Carbide and Ceramic Tools in the Finish 
Turning of Steel. V.Solaja. (J. Inst. Prod. 
Eng., 1958, 37, June, 363-372). A report 
on studies of tool wear and surface finish, 
with a review of previous work. 

Metallurgical Factors and ility. 
J. Lomas. (Machinery Lloyd, aoe 30, 
June 28, 54-56). The definition of machin- 
ability and factors in its value depending on 
the tool and rate of working as well as on 
composition, microstructure and inclusions 
are discussed 

Testing of Machinability by Radioactive 
Methods. B.Colding. (Acta Polytech., 1958, 
Mech. Eng. Series No. 1, pp. 73.) Radio- 
activated cutting tools were used for the 
machining of 5 materials and wear was deter- 
mined by chip radioactivity. “"W was the 
isotope used, either f- or y-rays being 
measured. After a brief running-in period 
the rate became constant till the tool was 
worn out. 

Property of Free Machining. K. G. Lewis. 
(Iron Steel, 1958, 31, Mar., 85-91; Apr., 133- 
140; May, 179-183). The author discusses 
the basic mechanics of the cutting process 
and of chip formation, dealing with the 
metallurgical factors, both physical and opera- 
tional, which affect them. Additions of 
sulphur and lead to both ferrous and non- 
ferrous materials are considered, and the 
various views on the free-machining mechan- 
ism are reviewed. The influences of cutting 
fluids are discussed, and finally the effect of 
graphite in cast iron and of the cold-working 
of steel as free-machining aids are considered. 


(123 references).—c. F. 

Suggestions on Designing For Machining 
Heat Resistant Alloys. R. D. “Halverstadt. 
(Steel Proc., 1958, rte Mar., 141-149, 164). 
The machining process is considered and 
various cases of drilling, tapping, turning and 
milling are discussed from the standpoint of 
design. Some stainless steels are included in 
the materials reviewed. 


Studies on High Speed Machining. X. On 
the Machinability of Materials. H. Takeyama 
and E. Usui. (J. Mech. Lab., 1958, 12, 
May, 89-93). A machining formula based on 
the tool-chip contact area concept is tested 
and it is shown that the slope of the shear 
test curve near to rupture is closely related 
to contact area and so to machinability. 

Slashes Turning Time. 
1958, 142, » 138-139). A 


Wheel 
May 19, 
machine is described which processes wheels 
33 to 42 in. in dia. in 2 min. 15 see. Only 
the hub has to be bored before mounting on 
the axle.—a. G. 


(Steel, 
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Surface Checks Aid Tool Control. (/ron 
Age, 1958, 182, July 17, 79). Use of the 
Surfindicator for determining the point at 
which tool changing was needed is noted. 

Effect of Subzero t on Cutting 
Durability and Deflective Strength of High- 
Speed Steel. 8S. Koshiba and K. Tanaka. 
(Nippon Kinzoku, 1957, 21, Apr., 225-227). 
{In Japanese}. Tests on low-tungsten, low- 
tungsten—cobalt, molybdenum-—tungsten and 
184-1 steel show that subzero treatment does 
not improve the cutting-durability of high- 
speed steel.—x. B. J. 

Recent Investigations of bape aah fo eg 

in Grinding. G. Pahlitzsch and W. Théin 
( Werkatattaochnit Maschinenbau, 1958, 4 
May, 254-259). The importance of the shape 
of the grinding disc, and the influence on 
shape, as measured by “ effective depth of 
roughness*’ of the trueing operation are 
emphasized. Various factors affecting this 
operation are measured and discussed. 

Abrasive Belts Cut Roll Grindi e 
(Steel, 1958, 148, Mar., 31, 92-94). The use 
of power-driven abrasive ‘pelts for grinding 
operations is described. Lathes or roll- 
grinding machines can be converted for belt 
grinding. Abrasive costs may be higher than 
with wheels, but the high cutting rate and 
ease of abrasive-size changes give advantages 
in time and money,—D. L, ©. P. 

Punched-Tape Units Control New Type 
Line. (Jron Age, 1958, 181, Mar. 20, 
106-108). An _electroaically-controlled 
machine tool line, specially designed for small 
and medium quantity production runs, is 
described. Three units carry out milling, 
drilling and boring operations and work is 
positioned at each by a transfer oe Control 
is a Larsoeet tape units.—bD. L. o 


5 enn Blade Edges ‘' Elec- 
trotytie Polishing. T. Kawakita. (Nippon 
Kinzoku, 1957, 21, Feb. 96-99). [In Japanese]. 
Rough-honed blade edges were finished by 
electrolytic polishing using H,PO,-CrO, solu- 
tion. Optimum conditions were ‘established. 


CLEANING AND PICKLING 


6 Ways to Safeguard Good Appearance, 
Long Life [In Cleaning Stainless Steel). (Jnd. 
Fin., 1958, 10, July, 28-29). Brief notes with 
illustrations. 

Metal Polishing Developments. D. J. Fish- 
lock. (Mech. World, 1958, 188, Mar., 102- 
106). A review contrasting new methods 
with old. Selection of technique is considered. 
Various new devices, especially automatic 
machines, are noted and plating developments 
are referred to. 

Developments in Chemical Cleaning. D. 
Fishlock. (Electropl. Met. Fin., i658, ah 
July, 239-242), A discussion of the proper- 
ties of the Grisiron range of proprietary 
cleaners is given. 

Chemi Polishing (II). L. F. Spraew. 
(Met, Fin., 1958, 56, April, 62-67). Applica- 
tions of chemical polishing to ferrous ane non- 
ferrous metals and costs of the process are 
considered. (39 references). 


jossary Barrel Finishing Te 
(Prec. Met. Mold., 1958, 14, July, 43-44). 


Removal of Scale from the Surtace of Rolled 
Sheet by the Steam-Gas Explosive Method. 
M. I. Bazhenov-Korchemnyi and L. I. Danilov. 
(Metallurg, 1958, (6), 27-30). Since both the 
birch twig and hydraulic methods were not 
completely satisfactory, trials were carried 
out with slotted rolls. Cooling water entered 
the slots and formed high pressure steam 
which exploded out of the slots and blew off 
the scale.—x, s. 

Flame ing. J. J. Harrison-Smith. 
(Engineer Foundryman, 1958, 22, April, 
68-69; discussion, 69-70). Methods and 
advantages of removal of scale and rust by 
oxy-acetylene heating before painting are 
ae 

Treatment of — and A x 1 
tintshed Steel by Flame Cleaning. 
Habbig and A. Pfeuffer. (Schweissen, Boiinat. 
den 1958, 10, April, 135-137). The economy 
and usefulness of flame cleaning equipment 
in steelworks is discussed.—v. E. 


Mechanical Scarfing. J. H. Such. (Inter- 
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national Acetylene Assoc. Proceedings, 1956, 
116-125). Use of oxygen and oxy-acetylene 
jets for conditioning steel ingot surfaces before 
rolling is reviewed, mostly in the U.S. 

How to Treat Pickle Liquors in a Small 
Plant. E. W. Lang. (Met. Prog., 1958, 73, 
May, 93-96). The operation and control of 

lant for batch crystallization of cop 
| ss liquer containing 25% FeSO, and the 
return of the regenerated liquor containing 
15% FeSO, are described. 
uation of the Blaw-Knox-Ruthner Pilot 
. Jd.H. Strassburger. (Blast 
Furn. Steel Plant, 1958, 46, June, 587-594). 
The FeSO, which is formed in the pickler is 
concentrated and transferred to the reactors 
where it is contacted with HCl. The reaction 
taking place is: FeSO, + 2HCil = FeCl, + 
H,S80,. The sulphate is recovered as sul- 
phuric acid. The chloride is roasted in furn- 
aces. The reaction taking place here is: 
FeCl, + H,O = FeO + 2HCl. The HC! is 
also recovered. Only the unavoidable losses 
of both acids have to be replaced. The FeO 
can be sintered and charged to the blast 
furnace. The plant is described in detail 
and the economics of the process evaluated. 


PROTECTIVE COATINGS 


Electrodeposited Metallic A.S.T.M. 
Committee B-8, (A.S.7.M. int, 1958, 


No. 14, . 15). Summary of 
Factors. Adhesion of 


of Organic 
Coatings to Chromium Plated Surfaces. (5-6). 
Cleaning Metals Prior to Electroplating, (7-15). 

Installation at Vauxhall 
Motors. (Ind. Fin., 1958, 10, June, 32-35). 
Two automatic plants for the deposition of 
Cu, Ni and Cr are described. 

5 Rules to Follow in Designing for Plating. 
C. F. Nixon, D. M. Bigge and W. L. Pinner. 
(Mat. Design Eng., 1958, 47, June, 118-120). 
A chapter from the book edited by A. K. 
Graham, Reinhold Publishing Co., 1955. 

Barrel Plating is Finding its Place. D. J. 
Fishlock. (Metalw. Prod., 1958, 102, June 
27, 1115-1121). A review of apparatus and 


processes. 

Some Notes on American Experience in 
Plating with H. A. Reich. 
(Met. Fin. J., 1958, 4, Mar., 97-98). The 
author discusses the uses of ultrasound in 
plating, considering both the development of 
many un ented finishing processes and 
also the improvement of stan: procedures. 

sonilioate, Iii. ‘Operating Conditions. T- 
Fiuosilicate. III. ws 3 
Hayashi, 5. Miwa and 8. Takagi. (Rep. 
Gov. Ind. Res. Inst., 1956, 5, Aug., 373-377). 

]. A bath with 250 g/l CrO,, 

iF, and 1-5 g/l H,SO, was examined 

d 60°C. Temperature had little 

effect on cathode efficiency at c.d. > 40 A/dm', 

(25-26%). Covering wer at 55°C was 

almost independent of Cu, Zn and Fe but 

current efficiency falls sharply over 25 g/l Cu, 
25 g/l Zn or 17 g/l Fe. 

Cold Chromium Plating in Russia. A. J. 
Steiger. (Met. Fin., 1958, 56, April 56-57). 
Details of the use of a solution containing 
H,CrO, 250, NH,F 4 gm/l and operated at 
15-25° C at a current density of 8-12 amp/dm* 
for hard chroming of man tie are given. 

J.B. Mohler. 
April, 58, 67). Data on 


Chromium 
(Met. Fin., 1958, 
thicknesses of Cr plating used for decorative 
and engineering purposes are given. 


Stress-Free Nickel Plating. (Met. Prog., 
1968, 78, April, 90-92). 


A bath containi 
nickel eee eek ae 4 -— anti- 
itting agent 0- oz./gal gives deposits 
hich are either stress-free or in a state of 


compressive stress. Applications of these 
coatings are described. 


The Anodic Behaviour of Various Grades 
of Nickel in ) ickel Baths (I). 
E. Raub and A. Disam., (Metallober, 
1958, 12, June, 161-167). Five di t 
types of nickel anode were examined micro- 
seopically, and anode potential-current density 
curves established in several baths at different 
temperatures and pH values.—t, p. H. 


ABSTRACTS 


The Structure of Nickel Electrodeposits in 
Relation to Some . DJ. 
Evans. (Zrans. Farad. Soc., 1958, §4, July, 
1086-1091). Studies on preferred orientation, 
internal stress, grain size, and 
brightness are reported. The orientation 
is incidental and not a cause of brightness. 
Nickel . (Met. Prog., 
1958, 73, June, 95-96). The corrosion resist- 
ance of a given thickness of electrodeposited 
nickel is improved by using a semi-bright 
undercoat (80% of total thickness) and the 
remainder of fully bright levelli 
The Protective 


Deposits on Steel. IF. A. Lowenheim, W. W. 
Sellers and F. X. Carlin. (J. Electrochem. 
Soc., 1958, 105, June, 338-346). Outdoor 
corrosion tests show that tin-nickel deposits 
provide corrosion resistance which is equal 
to that of nickel-chromium deposits in marine 
pers ag and better in industrial atmos- 
pheres. 
Galvanising Zines. A. Herz. 
(Mét. Constr. Mécan., 1958, 90, May, 375-381). 
The properties of pure zinc and of various 
alloys are disc from the aspect of the 
quality of zinc to be used for galvanizing. 
Experiences in Related 
J. Chadwick. (Electropl. Met. 
Fin., 1958, 11, July, 225-228). and Zn 
plating experiences are included. 
Continuous Galvanizing by the Armco- 
. I. C. Gwynne. (Sheet 
Metal Ind., 1958, 35, July 497-506, 534). An 
illustrated account is given of the Ebbw Vale 


line. 

Continuous Galvanising Line. (Zlect. Rev., 
1958, 163, July 18, 95-98). An account of 
the electrical equipment of the Richard Thomas 


and Baldwins line. 

Britain’s L Galvanising Line is Gas- 
Fired. (Ind. Gas., 1958, 21, July, 24—25). 
An account of the Ebbw Vale installation with 
special reference to the heating arrangements. 

Continuous Galvanizing Line at R.T.B.’s 
Ebbw Vale Works. Production of 
(Iron Coal Trades Rev., 1958, 177, July 25, 
206-207). Speltafast is a sheet with a Zn 
coating capable of standing up to forming 
operations. 

Conveyorised Systems for Gal . (Ind. 
Pin., 1958, 10, July, 31, 33). The Crittal 


Manufacturing Co. Braintree Works hot dip 
process installation is briefly described. 

Modern Production. (Met. Bull., 
1958, Apr., Special Issue, 32, 34, 35, 37). An 
es eg gape account of the Steel Co. of Wales 
mills. 


(Met. Bull., 1958, April, Special Issue, 12-24). 
An illustrated review. 

On the Oxidation Resistance of Aluminium- 
coated Cast Iron (ist Report), T. Saga, O. 
Miyakawa and K. Kéda. (Nippon Kinzoku, 
1957, 21, Sept., 548-551). From an investi- 
gation of hot-dip aluminized grey and white 
irons, it is concluded that the coating markedly 
reduces weight increase and dimensional 
growth of grey cast-iron, caused by oxidation; 
the thickness of the coating has no marked 
effect. In aluminized white irons the weight 
increase is no more than 10% but dimensional 
changes are hardly al by aluminizing. 

Study on Steel. VI. 
On the Formation of the Interfacial 

ee and K. Sato. (Nippon 
Kinzoku, 1957, 21, Feb., 110-113). [In 
Japanese]. Results are given for sheet of 
thicknesses in the range 0-2-1-2 mm coated 
by the single- and double-bath methods. 
The formation of the alloy layer is affected 
by sheet thickness, being mainly influenced 
by the local temp. drop near the base metal. 
Cold working does not affect it: internal 
strain is removed during dipping. The alloy 
layer is thickened by mye ay whether as 
a result of the double bath or otherwise. 
(10 references): VII. Influence of the Chemi- 
cal Composition of Steel on the Formation 

Interfacial Alloy Layer. T. Sage and M. 
Yasui. (114-117). Si, Cr or Mn in steel 
act as inhibitors in the same way as when 
added to the bath, but Si is more effective 
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in the bath. The softening effect of Si 
increases with its content. ‘The mean chemical 
composition of the alloy layer produced with 
pure Fe and Al is somewhat higher in Fe 
content than FeA],.—«x. £. 3. 

Automation of a Barrel Plating Line. 
(Met. Fin. J., 1958, 4, Mar., 75-79). Details 
are given of the design and layout of a new 
automatic independent-cycling Cd barrel- 
plating line, installed at the Detroit works of 

lievue Plating Co. It incorporates the 
“* Dial-A-Cyele ” principle of completely auto- 
mated cycling for each barrel, independent of 
all others.—. F. 
tal Consideration of a New Pro- 
cess of Metallic Protection. M. Serra. (Rev. 
Ciencia Apl., 1958, 12, May-June, 222-237). 
{In Spanish}. Details of the design, con- 
struction and experimental use of a semi- 
industrial plant for the continuous coating 
of iron wires with aluminium by molten bath 
immersion are given. The results indicate 
that for each molten bath composition there 
is a critical temperature for coat formation 
and this temperature coincides with that 
giving a minimum thickness of coat. The 
best results were obtained with a bath con- 
taining 94-7% Al, 5% Si, 0-14% Cr, 0-14% 
Mo and 0:005% Be. The main purpose of 
the Be addition is for brightening the coat, 
it is not necessary, like the Cr and Mo, for 
improving the mechanical properties. The 
critical temperature for the Pat n was found 
to be 770° C, or 740° C in the absence of Be. 
Photographs of the equipment and the micro- 
structures produced are given.—?. s. 

Stai Gets New Sales Appeal. (Sieel, 
1958, 142, May 12, 88-89). The Permyron 
process for colouring metal is mentioned, 
which permits severe forming after colouring. 
Combined with the method of rolled-in 
patterns, this is stated to have many applica- 
tions.—a. @. 

Plastic Coated Steel. (Iron Steel, 1958, 31, 
Mar., 106). A brief account is given of the 
nature and properties of ‘ Stelvetite,” the 
new P.V.C.-coated steel made by John 
Summers & Sons Ltd.—s«. F. 

Protecting Metals at High Temperatures. 
A. F. Hofstatter, (Mat. Design Eng., 1958, 
47, April, 115-119). The properties and appli- 
cations of ceramic and metallic coatings and 
silicone and sodium silicate paints are dis- 
cussed. 

Continuous Pretreatment Processes with 
Particular Reference to “ Nitec” Sheet for 
Vitreous . W. H. F. Tickle and 
D. A. Winton. (Inst. Vit. Enamel, 1958, 8, 
May, 81-84). A brief t of ea ted 
sheet, actually a commentary on a film. 

|}—Corrosion Protection for 

Equipment. (Ind. Eng. 
Chem., 1958, 50, June, 75A-76A). A brief 
review of properties. 

The Application of Vitreous Enamel by the 
Electrostatic Process. S. Hallsworth. (Inet. 
Vit. Enamel, 1958, 8, May, 75-80). 

Continuous Electric Furnace. 
(Process Control Autom., 1958, §, July, 273). 
An installation built by Ferro Enamels Ltd. 
and installed at Belling & Co. Ltd. works, 
Enfield, is described. 

Way to Protect 


Glass Coatings—A Good 
Metals. C. E. Bullock and F, Nelson. (Mat. 
Design Eng., 1958, 47, Mar., 106-109). New 
types of glass with unusually favourable 
combinations of properties are leading to new 
uses for glass coatings for the protection of 
metals. e authors describe the chemical 
and mechanical properties of the coatings 
and their resulting performance, and mention 
design factors which must be considered. 

Frit for Vitreous Enamelling. (Zngineer, 
1958, 206, July 25, 139-140). Procedure at 
Ferro Enamels Ltd. is outlined. 





Self-Opacifying Titania Enamels for 
Iron. (ind. Fin., 1958, 10, June, 44). 
properties of TiO, enamels suitable either for 
direct application or as ing-type drip 
coats are given. High covering power and 
improved durability are claimed. 

Quantitative High-Temperature Oxidation of 
Porcelain Enamelled Iron. H. G. Lefort and 
A. L. Friedberg. (J. Amer. Ceram. Soc., 
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1958, 41, June, 216-226). Bare and enam- 
elled iron samples were heated in air for long 

iods and increase in weight was observed. 

ickness of enamel, thickness of nickel 
plating and metal surface preparation were 
varied. After an initial linear period the rate 
on all specimens became parabolic. With 
rise of temperature “Pp to 1850° F the advant- 
age of enamel, and the smaller advantage of 
Ni, decreased. 


: y- 
1958, May, 222-226). The cooling contrac- 
tion curve is shown to be useful for determin- 


the optimum renee ey point of the enamel. 
witha Pr Brevention t Corrosion by Paints 


Yee or Buffer 
Season, as E. Bird. (Abstracts of Dis- 


of 
sertations, ow He 1954-1955, 1957, 180— 
— The Fe- system is examined. 
— coatings of Al and Zn on steel, Al 
a ts on steel and the effects of ferrous 
ions and rust on the corrosion of Al are studied. 
I.C.I. Marine Research Station. (Chem. 
Ind., 1958, July 26, 947-948). A description 
of the new station for corrosion studies and 
marine paint exposures. 
Resins in Anti-Corrosion eos 
F. L. Farr. (Indust. Finish, 1957, 9, Dec., 
986-991). Industrial and marine applications 
of epoxide resin paints are given. 


CLAD SHEET AND HARD-FACING 


Stainless Clad Plate: Don’t Look at Cost 
Alone. D. T. Smith. (Jron Age, 1958, 181, 
- 17, 112-113). The technical advantages 

opposed to economic advantages of stainless 
plate are considered. Useful properties 
pom ductility coupled with corrosion 
resistance; high therma conductivity; ease 
of welding, burning, machining, shearing and 
forming.—-D. L. C. P. 
Steels. (Mé. Constr. Mécan., 1958, 
90, May, 371-374). Reasons are given for 
the rapid increase in the use of composite 
steel sheets. Methods used by the Compagnie 
des Ateliers et Forges de la Loire for the 
fabrication and testing of such plates are 
described.—a. G. 

A Survey of Factors Controlling Metallic 
Diffusion from the Gas . RK. L. Samuel. 
(Murea Rev., 1958, 1, (18), 501-527). A 
comprehensive review of the mechanism of 
coating by diffusion. Chromizing and sili- 
conizing of iron and other metals are con- 
sidered. (34 references). 

The 


). Siliconizing of 
(Nippon Kinzoku, 1957, 
Investigations are re- 
ported of steel siliconized with a SiCl, atmos- 
phere. The effects of gas flow rate, tempera- 
ture and other variables differed according 
to whether the atmosphere was reducing or 


21, Aug., 490-494). 


neutral. There was a discontinuity in the 
reaction rate of siliconizing near 900°C. 
U Steel Parts. (Steel, 1958, 
142, June 9, 90-91). Properties of chromized 
parts and applications of the chromizing 
process are briefi — —A. G. 
of Higher Corrosion Resist- 
Vyaznikov and A. N. Popan- 
dopulo. Obrabotka Met., 1958, (3), 
60-61). Additional carburizing improves 
hardness and resistance to pitting. 

Hard-Facing of Oil Tools. J. 8. Goodwin. 
(International Acetylene Assoc. Proceedings, 
1956, 33-37). WC particle application is 
outlined. 

Develop New Method for Bonding Aluminium 
to Iron. (Light Metal Age, 1958, Apr., 18). 
The B.M.I. process is briefly noted in which Al 
in a die-casting machine is used to form the 
bond for brake drums. 


Se ae 


POWDER METALLURGY 


Metal Powders and Metal Powder Products. 
AS8.T.M. Committee B-9. (A.S.T.M. ~ 
int, 1958, No. 15, pp. 16). Density and 

Porosity of Sintered Powder 
Metal Structural Parts and Oil Impregnated 
Bearings (7-8). Average Particle Size of 
Refractory Metals and Compounds by Fisher 
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ABSTRACTS 
Subsieve Sizer (9-12). Apparent Density of 
Refractory Metals and Compounds by Scott 
Volumeter (13-14). Determination 
Compressibility of Metal Powders (15-16), 
(All tentative recommended methods). 

When You Can—Design for Sin . 
(Prec. Met. Mold., 1958, 16, July, 32). Advan- 
tages in the construction of moving parts for 
a power mower are set out 

Sin Iron-Base Alloys for Machine 
Parts. I. Properties of Electrolytic Iron Pow- 
der, Reduced Iron Powder and Their Sintered 
Compacts. E. Hayashi, G. Matsumura, T. 
Watanabe, T. Takeuchi and Y. Minamitani. 
(Rep. Gov. Ind, Res. Inst., 1956, 5, Aug., 
361-368). [In Japanese]. ‘Electrolytic iron 
powder had higher apparent densities than 
reduced powder but inferior flow rate. 
Reduced is superior to electrolytic in compact- 
ability. Apparent density, linear shrinkage, 
hardness and tensile strength increase with 
sintering temperature except beyond the A, 
ap and they increase again above 1000° C. 

e mechanical properties of sintered reduced 
are superior to those of electrolytic though the 
difference becomes small above 1200° C 

What to Consider in Choosing Powder 
Metallurgy. K.H. Roll. (Mat. Design Eng., 
1958, 47, April, 106-199). Properties and 
costs of components made by powder metal- 
lurgical eetionhe are compared with other 
forming processes. 

Powder Parts Made Without a Press. (Steel, 
1958, 142, May 19, 162-163). The applica- 
tion of slip casting to the fabrication of re- 
fractory metal parts is described.—a. c. 

Tron-Base Alloys for Machine 
Parts (VI). Gas Carburization of Sintered 
Iron-Base Compacts (I). Y. Fujii, E. Hayashi, 
T. Watanabe and M. Yasuda. (Rep. Gov. 
Ind. Res. Inst., 1958, 7, May, 329-336). [In 
Japanese}. Charcoal-converted town’s gas 
was used and the thickness of the case was 
found to depend upon pressure, temperature 
and time, where the compacting pressure 
was the most important factor. Pressures 
of > 7 t/em*, temperatures ~ 830° and times 
of 30-60 min. are recommended. 


FERRITES, CERMETS 
AND CARBIDES 
High-Frequency Losses 
rites. K. Ohta and 8. Chikazumi. 
Physics, 1957, 3, July, 129-140). 
ese 


in Fer- 
(Metal 
{In Japan- 


« 
Stability of Ferrites Under High Pressure. 
N. Kawai and 8. Kume. (Metal Physics, 


1957, 3, July, 155-156). [In Japanese). 
On the Preparation of Crystals of 
Nickel Ferrite. I. Kushima, T. 
(Metal Physics, 1957, 8, 


and K. Tanaka. 
May, 115-116). [In Ja f 

Study of the System Fe,O her gy oo 
M. Lensen and A. Miche (Compt. Rend., 
1958, May 12, 2766-2769). The continuous 
variations in parameters, Curie int and 
magnetic moment indicate total solid solution 
between the ferrite and gallateofMn. Dedue- 
tions are made about lattice structure.—a. G. 

On Spinel-Type Lithium 
and 8. Okamoto. (Rep. Sci. Res. Inst., 1958, 
34, Mar., 126-128). [In Ja 

Above ° F What terial to UseP 
L. D. Loch. (Chem. Eng., 1958, 65, June 30, 
105-109). 

Process 





T. Takei 


Carbides and cermets are reviewed. 
Sintering in FeAl,—Ni-Fe System. 
M. Sugiyama, Y. Mishima and K. Shida. 
(Ann. Rep. Eng. Res. Inst. Tokyo Uniw., 
1957, 16, Sept., 35-40). [In Japanese]. 
Density, resistivity, microstructure, X-ray 
diffraction patterns and other —— were 
followed during sintering of the system con- 
taining Al 12, Ni 25 and Fe 63%. At a 
sintering temp. of 700° C, changes eaused by 
diffusion were noted; at 1200°C a partial 
cast structure was found; and at 1250°C 
rapid alloying of particles and appearance of 
a-phase were observed.—-k. E. J. 


le sty AND TESTS 


Above 2008 F. tind (Ind. Zn 1088, £6, Apr 


7078 734). A carbon arc is focused by 
—— mirrors to produce a source of heat 
high temperature research studies. 


. Cherkasov. ( ; . , 1962, 
2, 1834-1837, Translation 19RL~—T/C83). 
The equation is tested for normalized and 
hardened steels and for other metals. 

Internal Friction Measurements. A. Sosin, 
L. Bienvenue and H.Schlein. (Rev. Sci. Inst., 
1958, 29, July, 657-659). An electrical 
modulus decrement measuring device is 
described. An initial steady oscillation is 
set up and its fading measured. Most diffi- 
culties have arisen in setting up the initial 
steady state. 

ternal Fric- 


Apparatus for Measuring the 
tion of Rigid Test Ss Collette. 


(Compt. Rend., 1958, May 12, 2756-2758). 
The apparatus described is for determining 
the internal friction of plate test pieces at 
moderate temperatures using low-frequency 
alternating stresses. It has been used to 
measure the limit of solubility of N, in ferrite 
at 100° C.—a. c. 

Further Studies of a of Stresscoat 
Under Dynamic . J. W. Dalley, 
A. J. Durelli and V. J. Parks. (Proc. 
Soc. Raper. Stress Anal., 1957, 15, (2), 57-66). 
Dynamic and static strain sensitivities as a 
function of coating number, curing temperature 
and thickness were examined with durations 
of maximum load from 8-500 millisee. Strain 
sensitivity is nearly a log. function of loading 
time and the largest influence is exerted in 
periods below 50 millisec, 

Dynamic Strain Calibration Device. 
8. Okubo, A. J. Durelli and J. W. Dally. 
(Proc. Soc. Exper. Stress Anal., 1957, 15, (2), 
67-72). A cantilever beam calibrated device 
for loading and timing is described. About 
8 millisec. are required to impose a maximum 
strain of 1200 microinches/in. for times vary- 
ing from 7-430 millisec. 

Experimental Solution of Stress Diffusion 
Problems. C. Riparbelli. (Proc. Soc. Baxper. 
Stress Anal., 1957, 15, (2), 73-84). Stresscoat 
is used on the structure or on a model. 


uge Rosettes. 

P. K. Stein. (Proc. Soc. Bxper. Stress Anal., 

1957, 15, (2), 21-38). Mathematical. Some 

plications in Analysis, W. M. 
Murray. (39-52). 

A Rapid Method of W: Bonded 
Wire Strain . F.E. Wells. (Proce. Soc. 
Bexper. Stress Anal., 1957, 15, (2), 107-110). 
The gauge is covered with a soft wax, Al 
foil, and an epoxy resin. 

Internal Friction of Polycrystalline Iron ry 
to Point Imperfections. R. R. Hasiguti, 
Senesabiin 20 and N. Igata. (itetal "Phyice, 
1956, 2, July, 163-164). [In Japanese]. 

Causes and Prevention of Surface 


K. Ishizaki and Eguchi. 
(Nippon Kinzoku, 1957, 21, Sept., " 536-640). 
From hot bending tests it was concluded 
that surface fissures occur after a critical 
amount of scaling and above this increase 
in depth with increased scaling. The threshold 
value of sealing increases with heating tem- 
perature and the presence of tramp elements, 
and is affected by the heating atmosphere. 

An Introduction to Metallurgical 0- 
dynamics. J. N. Pratt. (J. B'ham Met. 
Soc., 1958, 38, June, 56-75). 

On the Electronic Structure of Transition 
Metals and Alloys and of Heavy Metals. J. 
Friedel. . Phys. Radium, 1958, 19, June, 
573-581). Fe is included, discussed as an 
impurity in Cu, Al ete. 

Drill Steel Developments in the Laboratory. 
F. R. Anderson. (Bull. School Mines Met. 
Univ. Missouri, 1958, (95), 31-37). A contri- 
bution to a symposium on mining research. 
Measurements of tensile and other stresses in 
rock pode tools are examined. 


bon-Manganese Steel: Yield Point and 
Proof Stress. J 


: len. 
ren Steel, 1958, 31, May, 165-171). The 
author records experimental work carried 
out to determine the proof stress values at 
temperatures up to 450°C for C-Mn steels 
falling within the range 24-35 t/in.* ultimate 
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tensile strength at atmospheric temperature. 
The samples were obtai from commercially 
treated plate, and covered most of the C-Mn 
steels used for pressure vessels and made by the 
basic O.H. process. They included balanced 
Si-killed, and Al-killed steels in the as-rolled, 
normalized, and _ stress-relieved conditions. 
Bars - 

Stress-Rupture Values. H. T. McHenry and 
R. K. Pitler. (Iron Age, 1958, 181, June 12, 
87-89). Bolts and threaded test specimens 
of A-286 tenitic heat-resistant steel failed 
to meet stress-rupture specifications. This is 
attributed to the geometry of the test piece 
rather than to the material itself.—a. a. 





Bending Test ited 
J. Edwards. (Trans. Inst. Met. 


Finishing, 1958, 35, Summer, 101-106). A 
former in the shape of a log. spiral is used 
and the radius of curvature where cracks 
first form is read off from graduations. : 


On the Bending Test, = 
ability and Durability of Thin Blade Cutlery. II. 
T. Kawakita. (Nippon Kinzoku, 1957, 21, 
Feb., 92-96). [In Japanese]. Carbon steel 
tape 0-13 mm thick was quenched on a water- 
cooled plate under various conditions of 
drawing speed, quenching temp. and temper- 
ing temp.; razor-blades were made from the 
samples. Tests showed that samples of almost 
equal hardness had greatly differing bending 
behaviour; there is an optimum value of 
bending for good finishing qualities.—x. E. J. 

On the Mechanical Properties of Rapid- 
Heated and Quenched Steel. IV. 8. Owaku 
and K. lijima. (Nippon Kinzoku, 1957, 21, 
Apr., 206-210). [In Japanese]. Results are 
given for 0-81% C steel wire. Semi-rapid 
heating and quenching produce similar values 
for hardness and for fatigue limit when the 
tempering temp. exceeds 300° C. With lower 
tempering temp. superior values for fatigue 
limit and bend-breaking stress are shown by 
semi-rapid heated and « hed sp 
These results are explained i in terms of micro- 
stresses induced ¢ martensite formation in 
the grains.—x. E. 

Torsion of Cylindrical and Prismatic 
in the Presence of Steady Creep. 5S. A. Perle 
B. Venkatraman and P. G. Hodge jun. (J. 
Appl. Mech., 1958, 25, June, 214-218). 
Mathematical. 

viour of Thick-Walled on Cylinders 
Subjected to Internal Pressure. Crossland 
and J. A. Bones. (Inst. Mech. ioe. Advance 
Copy, 1958, pp. 20). Tests on various steels 
are described and yield pressure, collapse 
pressure and ultimate pressure are related to 
shear stress-strain — 

On Se ae ur in Charpy Impac 
Bending Tests. — ono and 8. here 
(Nippon imcobe, 1957, 21, Apr., 221-225). 
{In Japanese]. Load-time curves in the 
Charpy impact bending test were obtained 
using a force detector employing a crystal of 
Rochelle salt. Tests on structural steel, 
tool steel and pure copper show that there 
are four types of breaking behaviour, which 
differ even when the Charpy values are the 
same. The tests have been used to show 
how the cold-notch shortness of hot-rolled 
plate can be improved.—k. E. J. 

of Charpy Vee, Charpy U and 








Temperature Range. 
(DS.I.R. Mech. Eng. Res. 


AB Div. No. 9/58, 1958, April, pp. 81). 
Three mild steels and three alloy steels with 
2-5% Ni-—Cr, 3-5% Ni-Cr and 0- he 1% Ni 
were tested over the range — 196° + 
110° C with both 10 x 10mm and 10 ~ ain 
test pieces. No simple relationships were 
found, but various limited correlations 
epply! ing to a few of the tests are pointed out. 
Energy absorbed i in the tests was determined. 
Under Impulsive Loading. J. 8. 

Rinehart. (Bull. School Mines Met. Univ. 
Missouri, 1958, (95), 46-84). Studies on the 
effects uced by firing explosives in thick 
cylindrical metal specimens are reported. 
Fracture patterns are examined and shown to 
be non-random, the stress inhomogeneities 
leading to fracture being qualitatively estab- 


lished. 
Variation in Fatigue Properties over Indi- 
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vidual Casts of Steel. Part II: Investigation of 
a Cast of Steel to B.8.8. 970 En 24. EK. Ineson, 
J. Clayton-Cave, R. J. Taylor. (JJIS.1., 
1958, 190, Nov., 277-283.) [This issue. ]} 
X-Ray Determination of Heterodiffusion 
Coefficients in Alloys with Components Differ- 

ing Considerably in X-Ray Absorption. B. Ya. 
Face and I. V. Smushkov. (Zhur. Tekh. 
Fiz., 1958, 28, (3), 661-667). Examination 
of a method of calculating heterodiffusion 
coefficients from radiographs of specimens 
of binary alloys is repo: 

Low-Cost Cryogenic Steel Goes Commercial. 
J. Procter. (Chem. Eng., 1958, 65, July 14, 
160, 162, 164). A 9% Ni steel with high 
strength and impact resistance at — 320° F 
is described. Difficulties in forming are 
noted, possibly due to the coefficient of expan- 
sion, and these can be avoided by modifying 
the time-temperature cycle. 


METALLOGRAPHY 


Metallography of Low-Carbon Low-Alloy 
Steels. P. P. G. L. Siriwardene. (Abstracts 
of Dissertations, Cambridge 1954-1955, 1957, 
194-195). Studies on the improvement of 
Mo-containing low-carbon steels by B are 
reported. Optical and electron microscopy 
was applied to hardness studies and ferrite 
grain size refinement appeared. Carbides 
were isolated and examined. 

Galvanic Corrosion. J. Boraston. (Inspec- 
tion Eng., 1958, 22, May-Jun., 50-56). The 
mechanisms of corrosion due to dissimilar 
metals, crevices and stray currents are dis- 
cussed with examples from aireraft practice. 
The uses of steel rivets for Al and Al rivets 
for steel are considered. 

and its Industrial Back- 
ground. W. H. J. Vernon. (Chem. Ind., 
1958, June 28, 818). A report of the Spring 


Lecture. 

Corrosion in the Programme of Investi- 
gations by Pee ally E. Leclerc. (Corros. 
et Anticorros., 1957, 5, June, 185-188). An 
outline is given of research actually being 
carried out, or contemplated, at the Centre 
belge d’Etude et de Documentation des 
Faux.—tL. D. BH. 

A New Method of Estimating the Cost to the 
Nation of Corrosion. F. Podbreénik. (ZaéStita 
Mat., 1956, 4, Jan., 4-11, 28). 
with Dissimilar 
(Ind. Eng. Chem., 

8 case histories 


t of the Corrosion of Acid- 
ustenitic Steels and Welding Seams. 
(Transcrystalline Corrosion Chromium— 
Nickel-Molybdenum—-Copper Steel Type 
Kh23N23M3D3, Caused by Compression Defor- 
mation). B. I. Medovar, N. A. Langer and 
Yu. V. Latysh. (Fiz. Met. Metalloved., 1957, 
, (1), 184-186). Cr—Ni stainless steels and 
acid-resisting austenitic steels not containing 
Ti and Nb are subject to intercrystalline 
corrosion because of the separation of Cr 
along the grain boundaries and the impoverish- 
ment of this element in the Eevee regions 
of the austenitic grains. perimental re- 
sults have shown that when subjected to 
boiling in acid of various concentrations, 
after cold hardening and torsion stresses, 
the surface of the specimens previously so 
treated, show coarse corrosion ures, whilst 
specimens subjected to a weaker cold harden- 
ing or weaker torsional stresses show surfaces 
with much finer defects. The corrosion 
destruction of welded joints has a trans- 
crystalline character both in the base metal 
and in the metal of the weld.—t. H. 
Corrosion of Cutlery. E. A. Oldfield and 
D. Sheppard. (Corrosion Tech., 1958, 5, 
June, 187-189). Tests on stainless steel in 
sea water and salt solutions are reported and 
corrosion in service, packing and protection 
by inhibitors are also reviewed. Recommen- 
dations are added. 


Corrosion of Ten Metals in Boiling Hydro- 
chloric Acid when in Contact with Rhodium, 
Palladium, Iridium and Platinum. W. RK. 
Buck and H. Leidheiser, jun. (Nature, 
1958, 181, June 14, 1681-1682). Iron was 
included in the study in 2n HCl. In contrast 


Experiences 
Metals. A. A. Brouwer. 
1958, 50, Apr., 73A-74A). 
are briefly — 
A New 
i A 


to other metals the rate increased only 1-25 
1-42 times in contact with the noble metals. 


ouh 





Corrosion-Resistance of 
Iron. F.L.LaQue. (Found. Trade J., 1958, 
104, June 12, 711- 714). Acid corrosion and 
performance in marine, atmospheric and 
underground environments are reviewed. The 
usefulness of the materials in tankers is 
underlined. 

Corrosion in Stainless Steels, Passivation. 
Bertolini. (Ing. e Indust., 1957, 25, Oct., 
116-120). {In Spanish]. The various types 
of possible corrosion attack are listed, and 
intergranular corrosion is dealt with more 
fully. Brief details of the mechanism of 
passivation are given.—P. s. 

Corrosion of Steel in Moist Air. U. R. 
Evans. (Chem. Ind., 1958, June 7, 681). A 
letter. A difference in the corroding effect of 
large and small water drops in a closed vessel 
is confirmed. It is attributed to the prob- 
ability of the area under the drop including a 
centre sensitive to dissolved oxygen. 

Influence of Nickel on Inter-granular 
Corrosion of 18%, Chromium Steels. J. R. 

be H. Beck andM. G. Fontana. (Trans. 
1957, 50, preprint 51, pp. 18). It 
was mune that 18/8 stainless steel was 
susceptible and that 18% Cr steel was resistant 
to intergranular corrosion when heated to 
650-760° C. Alloys containing intermediate 
quantities of nickel showed that the transition 
occurs at about 2-5 to 3% Ni; steels with a 
lower Ni content should be heat treated like 
ferritic steels and those with a higher content 
like austenitic steels. All alloys showed 
good resistance after water quenching from 
760° C.—z. E. w. 

Corrosion of Metals in Ethylene Glycol 
Solutions. R. J. Agnew, J. K. Truitt and 
W. D. Robertson. (Ind. Eng. Chem., 1958, 
50, Apr., 649-656). Cast iron, steel and 
other metals used in internal combustion 
en ines are studied. 

Rust of Galvanised Articles—lIts 
Origin and Prevention. K. Daeves. (Draht, 
1957, 8, Aug., 334-335; Wire, 1958, Apr., 
22-23). Moisture and condensation are pin- 
pointed as causes of white rust, and measures 
should be taken to prevent them by ventila- 
tion. Reference is also made to dipping in a 
weak acid chromate solution for protective 
purposes.—J. 0. w. 

Detection and Rapid Localisation of the 
Corrosion Resistance of a Protective Coating on 
Metallic Substances. G. Blet. (Peint. Pi 
Ver., 1958, 34, Apr., 160-163). A new 
electrical method of determining the efficacy 
of non-conducting coatings on metal surfaces 
in a few minutes is described. The method 
measures the porosity of the coatings and the 
results compare very well with those of 
classical ee of testing in boiling salt 
solutions.—B. G. 

A Study of the Compatibility of Some Creep- 
resistant Steels with Liquid Bismuth in Non- 
isothermal Systems. D. W. Dawe, G. W. Parry, 

’ . (J.ISI., 1958, 190, Nov., 

1-276, ) [This issue. ] 

" fieteommenion Corrosion Resistance of Aus- 
tenitic Stainless Steels. A Ferric Sulphate- 
Sulphuric Acid Test. M. A. Streicher. 
(A.S.7T.M. Bull., 1958, April, 77-86). A 
test is described taking only half the time of 
the standard nitric acid test and as the corro- 
sion products have no accelerating action, four 
specimens can be tested together and the same 
solution can be used for the whole 120 h 
exposure. The chromium carbide type of 
intergranular corrosion is revealed but not the , 
sigma-phase type so that it is unsuitable for 
AISI 316 and 316L steels. Other etching 
tests are noted. 

Weathering Resistance of Mild Steel with 
an Aluminium Coating. G. von der Dunk. 
(*Stahl Eisen, 1958, 77, Mar. 7, 294-296). 
A review, mainly from the literature, of the 
resistance of rolled Al coatings, mostly on 
wire, to steelworks atmospheres. Anslyses 
and the results of examination are recorded, 
and the resistance of oR 5 wires in 
rural atmospheres is also no 

De of Intergranular Cossesion 
by Measuring the Internal Friction. 
Valeibeva, A. V. Panov and N. D. anaes 
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(Zavods. Lab., 1957, 28, (1), 64-67). Corrosion 
was induced with boiling H,SO,-CuSO4 
solution and internal friction was measured 
with apparatus described and also electrical 
resistance and tensile strength. The former 
was the most sensitive. Susceptibilities to 
intergranulation were noted, and the effect 
of Ti in minimizing this was observed. 

Corrosion Resistance of Austenitic Chrome- 
Nickel Steels. W. Katz. (Draht, 1957, 8, 
Aug., 317-321). Following an outline of the 
principles of passivation and the causes of 
the breakdown of the passive layers in austen- 
itic steels, the resistance to corrosive attack 
by the atmosphere, water, salts, acids, bases, 
and organic compounds of various austenitic 
steels is briefly summarized.—y. G. w. 

rmation of Chi Phase in a Mo- 

Bearing Stainless Steel. Chuang Yu-chih, Liu 
Chia-lo and Chang Ching-chung. (Acta Met. 
Sin., 1957, 2, (1), 81-97). [In Chinese]. In 
quenched 17/5/6 Cr-Ni-—Mo steel, the decom- 
position of 5- ferrite gives chi- -phase and austen- 
ite in the temp. range 700-1000°C, but 
Fe,Mo,C and ( r, Fe, Mo),,C, instead of 
chi in the range 500-700° C. The mechanism 
« chi formation varies with the reheating 
Below 700°C martensite formation 

in in the austenitic matrix oF apes carbide 

. (30 references).— 

Contribution to the Estimation of M, from 
the Composition of Steels. J.A.Verd. (Acta 
Techn., 1957, 19, (1-2), 193-198). [In Eng- 
lish]. A quadratic expression is put forward 
connecting Mg with carbon content which is 
correct from 0-1-1-4%C. Thisis Mg (° C) = 
520 — (360-500) C, where C is % carbon. 

oe of Isothermal Transformation between 

Room Temperature and Martensite Point in a 
Ball-Bearing Steel. Chang Pei-lin and Hsu 
Tsui-chang. (Acta Met. Sin., 1956, 1, No. 4, 
347-366). [In Chinese]. The steel contained 
1-43% Cr and 1-02% C. Isothermal trans- 
formation below the M point takes place by 
the martensite process entirely. Isothermal 
transformation of retained austenite takes 
place by growth of already-existing marten- 
site, and is controlled by the tempering of 
martensite. The max. amount of transforma- 
tion of retained austenite is brought about by 
isothermal retention at approx. 100° C for a 
longtime. (20 references).—k. E. J. 

On a Peculiar Structure in the Electron 

i of the Martensite in Fe—Ni Alloys. 
Z. Nishiyama and K. Shimizu. (Metal 
Physics, 1956, 2, Mar., 71). [In Japanese}. 

on the Martensite Transforma- 
tion in Europe and U.S.A. Z. Nishiyama. 
(Metal Physics, 1955, 1, Sept., 177-187). [In 
Japanese}. 

Studies on the Martensite Transformation 
in Iron—Nickel Alloys. II. Effects of Suriace 
and Interface on “ Schiebung”’ Transforma- 
tion. T. Honma. (Nippon Kinzoku, 1957, 
21, Feb., 122- 125). [In Japanese]. The 

‘ Schiebung ”’ (glide) transformation shows a 
peculiar behaviour at the free surface of the 
crystal, the twin boundary and the inter- 
face between austenite and martensite pre- 
viously formed by the ‘‘ Umklapp ” (collapse) 
transformation. The transformation temp. 
at the free surface and the twin boundary 
is usually higher by about 20° C than in the 
interior. The austenite -martensite interface 
is also a preferred site for “ Schiebung ” 
nucleation. These phenomena are explained 
in terms of free energy ete. III. Coexisting 

of “Schiebung” and “ Umklapp” 
Transformations. (126-128). The two types 
of transformation can occur in specimens 
of the same nickel concentration by super- 
cooling to low temperature. The highest 
temperature at which the “ Umklapp” 
(collapse mechanism) transformation can 
occur is always lower than that of the “ Schie- 
bung” (glide mechanism), and is approx. 
— 10°C, irrespective of nickel eontent. IV. 
Burst Phenomenon of Umklapp Process. 
(Apr., 263-267). The kien, (collapse) 
Ag poe in Fe-Ni alloys containing 
%, Ni is characterized by a burst phenome- 

a High kinetic energy accompanying the 
process can bring a martensite leaf into a 
temp. range higher than that of the normal 
y—>atemp. Values for the first burst temp. 
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are scattered over a wide temp. range, and 
the amount of transformation increases with 
the degree of supercooling. (11 references). 
A Thermodynamic Study of the Fe-C€ 
System. II. The.Stable Iron-Graphite Equi- 
librium. Chou Yuan-hsi. (Acta Met. Sin., 
1956, I, (2), 209-220). [In Chinese}. The 
Fe-C equilibrium diagram is studied in the 
light of activity data previously derived. The 
solubility of graphite in ferrite is calculated 
using the free energy of cementite. Para- 
meters affecting the Fe -C eutectic equilibrium 
are calculated. The 4-iron—austenite-liquid 
peritectic is best given at 1495° C with 0-58% 
C in the liquid. The solidus of the austenite- 
liquid field is slightly concave upwards. 
references). The Metastable Iron-Cemen- 
tite Equilibrium. ((3), 221-232). With the 
aid of activity data previously derived, the 
cementite eutectic temp. is found to be 1148° 
C, or 5° C below the graphite eutectic temp. 
The free energy of cementite is recalculated, 
and found to vary from that given by Darken 
and Gurry. The solubilities of cementite in 
austenite and liquid iron are calculated 
approximately in terms of temp. A revised 
‘e—C diagram including both stable and meta- 
stable equilibria is given. (22 references). 


Studies “ Cr-Mo-Fe 2g gy 
Alloys. IL Equilibri 


Diagram of 
Cr-Mo-Fe a. 5 5. Takeda and N. Yuka- 
wa. (Nippon Kinzoku, 1957, 21, Apr., 275- 
79). {In Japanese]. The diagram was 
established from microscopical, thermal and 
X-ray results. The system has six phases: 
a (b.c.c.), y (f.c.c.), « (Fe, Mo,, hexagonal), 
o (FeMo and FeCr, tetragonal), 6 (high-tem p. 
modification of Cr, f.c.c.) and x (Fes, Moy» Cry5, 
b.c.c.). Three invariant reactions are distin- 
guished. (20 references).—x. B. J. 


CORROSION 
Bibliographic Survey of Corrosion 1954-1955. 


National Association of Corrosion Engineers. 
(1958, pp. 408). This is a compilation of 
abstracts classified into Testing, Phenomena, 
Corrosive Environments, Preventive Measures, 
Materials of Construction and Equipment, 
followed by a survey of industries in 10 groups. 
All appear to be drawn from familiar sources. 
Indexing is complete. 

Anticorrosion Manual, 1958. (pp. 
General Corrosion Principles. W. H 
Vernon. (1-13). Prevention of Corrosion. 
(13-25). Reviews are given of current theory 
and practice. Corrosion. K 
Wright. (26-34). A survey, previously ig 
lished elsewhere. Cathodic tion. K.A 
Spencer and D. A. Lewis. (36-40, 42, 44, 
46, 48-54). A review with 18 references. 
Instrumentation. H. M. Powell. (55-56). 
Corrosion Resistant Materials. (58-59). 
Tables of corrosive agents for choice of 
materials are given. Aluminium and Alu- 
minium Alloys. F. C. Porter. (60-65). 
Carbon and Graphite. Buis. (67-68 
70-73). Rubbers and Elastomers. F. F. 
Jaray and A. E. Lever. (103-104, 106, 108). 
Stainless Steels. Firth-Vickers Ltd. (109 
110). Resistance to various agents and appli- 
cations in various industries are briefly indi- 
cated. Zine Coatings. (135-138). Prepara- 
tory Treatments: Flame Cleaning. (147, 149). 
Sodium Hydride Descaling. (149-150). Shot 

Blasting. J. Carle. (151-152, 154). Phos- 
phating Methods. 154, 156, 158). Chelating 
Agents. J. K. Aiken. (158, 160, 162, 164, 

168, 170). Protective Paint Coatings. 
(175-210). Sections on chlorinated rubber, 
epoxy coatings, lead paints, neoprene, vinyl 
resins, marine paints and other recent develop- 
ments are presented. Other Protective Coat- 
ings: Cadmium. P. F. Norrish. (212, 214). 
Tin. 8. C. Britton. (216, 218). Metal > apy © 
ing. (219-225). Plastic Coatings. A. 
Curson. (226-228). Vitreous Enamel, Coat- 
ings. J. W. G. Pedder. (229-232). Most 
sections are reprinted from Corrosion Preven- 
tion and Control. 

_Methods for Increasing the Corrosion Re- 

of Metal Alloys. N. D. Tomashov. 
(Corrosion, 1958, 14, May, 229-236; similar to 
Uspekhi Khimii, 1955, 24, (4), 453-470). A 
detailed study of the general laws governing 


260). 
ge A 


329 


the relation of corrosion-resistance to alloying 
additions and other topics such as hetero- 
egenity, passivity, oxygen diffusion and the 
effects of cathodic inclusions. A method of 
calculating relative passivity is given and in 
n/2 solutions of NaCl the order of reduction of 
degree of passivity is Ti, Al, Cr, Be, Mo, Mg, 
Ni, Co, Fe, Mn, Zn, Cd, Sn, Pb, Cu. Experi- 
mental tests of readily passivated systems are 
reported. 

The Electrochemical Behaviour of a Passive 
Austenitic Chromium—Nickel Steel, a Chromium 
~Molybdenum Steel and S Passive Electrolytic 
Chromium in Boiling 20%, Sulphuric Acid. 
C. Carius. (Arch. Hisenhiitt., 1958, 29, July, 
449-461). The effect of redox potentials on 
the phenomena occurring at a passivated 
electrode are discussed. The elec strochemical 
and corrosion-chemical behaviour of passi- 
vated 18-8 steel, of a steel with 27% Cr and 
2% Mo and of electrolytic Cr in boiling 20% 
sulphuric acid was studied. Stationary cur- 
rent/potential curves are presented and the 
results of gravimetric and coulometric analyses 
given.—rt. G. 

Corrosion Inhibitors in Automotive Coolant 
Media: Action of Polarization Charac 
of Steel. M. Levy. (Ind. Eng. Chem., 1958, 
50, Apr., 657-662). Studies on inhibitors in 
ethylene glycol solution are reported. 

Dicyclohexylammonium Nitrite as a Vapour- 
Phase Corrosion Inhibitor. 8S. Mihailovic. 
(Zastita Mat., 1955, 3, June, 201-204). A 
reviéw with 39 references, 

Importance of Corrosion Protection 
in the Metal Manufacturing Industry. 8. 
Murgaéski. (Zaétita Mat., 1955, 3, Oct., 
334-336}! A review of the theory of corrosion 
and hs en and of the metal industry. 
for Setting up Services for _— 
orrosion Protection in Industry. F. 
i (Zaéstita Mat., 1955, 3, Oct., 337, 
Plating, metal spraying, packaging and 
storage are discussed. 

The Temporary Protection of Metal ou 
faces against Atmospheric Corrosion. N. 
Plaviic. (Zaétita Mat., 1956, 4, Mar., 69- 
75). The coating and inhibiting classes of 
protective agents are reviewed. The volatile 
—2 are given ‘ge attention. 


Protection of Stee! 
pe. 2A 


April,reprint). Jute impregnated with sodium 
benzoate is used. 

Protection Against Corrosion of Industrial 
Installations for Producing and Utilising Steam. 
R. Malieet. (Corros et Anticorros., 1957, 5, 
June, 174-184; July-Aug., 216-220), The 
first part deals with the corrosion taking 
place in a large variety of equipment for the 
production and utilization of steam for 
industrial purposes. Each type diseussed is 
illustrated oS photographs. The second part 
is concerned with methods of preventing such 
corrosion.—L. D. H. 

Cathodic Protection for Earth-Buried Pipe- 
lines and Other Metal Structures. J. H. Bird 
and A. Z. Dimitroff. (U.S. Bur. Mines Inf. 
Cire., 7827, 1958, Apr., pp. 27). General 
principles are discussed with special reference 
to earthing problems. 

m Control in Tankers. A. Logan. 
(Trans. Inet, Marine Eng., 1958, 60, May, 
153-174, discussion 175-194). A review of 
the problem with accounts of cathodic pro- 
tection and of the use of epoxy tank coatings. 
The method of introducing inhibitors as mist 
is then outlined. 


1 Castings against 
(Journal of the B.S.C.R.A., 1958, 


NALYSIS 
Contributions te Micromethods in Iron and 
Steel Research. . Malissa. (*Mikrochimica 
Acta, 1956, (I Ry 474-483). Isolation pro- 
cesses for micro-constituents are considered 
and physical and chemical methods of identifi- 
cation are review 
Control of and Chemical Methods for the 
Determination of Common Elements in Steel. 
J. Rodriquez Garcia. (First Nat. Congrese 
Tron and Steel Industry | Mexico], 1955, 157- 
160). C, Mn, P,S and Siare briefly considered. 
mentation in the Control 


Analytical Instru 
of Production in the Steel Industry. Q.B.A.M. 
Canales. (First National Congress of the 
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Iron and Steel Industry [Mexico], 1955, 299- 
303). Modern techniques, such as polaro- 
graphy, X-ray analysis and mass spectro- 
graphy are discussed. 

Determination of Carbon in Steel by Com- 
bustion and Conductimetry. R. Boulin. (Chim. 
Anal., 1958, 40, Mar., 72-76). The method 
may be applied to steels with as little as 0-01— 
0-1% C. The CO, is passed into NaOH 
solution and the change in conductivity 
“Simplified quipment tor Determining 

Sim 
b § in Steal E. Marianeschi and R. 
Coletti. (Met. Ital., 1957, 49, Sept., 673-676). 
{In Italian]. The method described is a 
variant of the classical method of vacuum 
extraction at 650° C. Usually the H, ex- 
tracted from the sample is compressed in a 
McLeod or Tépler apparatus and then 
measured. In the method proposed by the 
authors, the amount extracted from the 
sample is measured by the variation in 
pressure in the constant-volume extraction 
chamber when de-gassing the sample. A 
Pirani vacuum-meter with bridge circuit 
calibrated in ml of H, is used. Test results 
are given. (9 references).—™M. D. J. B. 


ge 8 

K. Gjermundsen. (J.1.8.I., 1958, 190, Nov., 
248-254.) [This issue.] 
an a — of Error in the ——— 
Method. RR. Castro, J. Allemand and R. 
Poussardin. (Anal. Chim. Acta, 1957, 17, 
Dec., 530-534). [In French]. Traces of 
nitrite in the acid and traces of Mo in the 
metal, even a few ten-thousandths, give high 
results without necessarily having any effect 
on the blank. A test with electrolytic Fe 
with a minute addition (~ 0-1%) of Mo is 
described. 


Method of Determining Sulphur in Various 
Materials Reduction with 


Zinc Vapour. 
M. 8S. Kurchatov. (Zavods. Lab., 1957, 23, 
(11), 1294-1296). [In Russian]. The method 
for sulphur determination described is based 
on its conversion into a the reduction 
of this to mega ye 4 wi _ vay go 
decomposition 0 e sulphide wi ro- 
chlorie acid and the iodimetric determination 
of hy de. Results obtained by 
this, the ke and the metallic potassium 
methods for cokes and coals are compared, 


suitable for slags, ores, steels and other 
alloys, a determination takes 1-5 h.—s. x. 


of Molyb- 
in Zine Cyanide Plating Solutions. 
J. P. Leftin. (Plating, 1957, 44, Apr., 380- 
382). A _ thiocyanate-SnCl, method — 
Butyl Carbitol as colour stabilizer is described. 
The Determination of Vanadium by the 
Method in Non-Aqueous 
Solution. D. Cozzi and G. Raspi. (Anal. 
Chim. Acta, 1957, 17, Dee., 590-596). [In 
French}. The colour produced acid 
H,O, in dioxan (red-yellow) and by sub- 
sequent addition of salicylaldehyde (violet- 
blue) visible even with 1 pg/ml of V cannot 
be used quantitatively as any contained 


water h the coloured ucts. 
The ue (dried at 100°) dissolved in HCi 
and H,O, solution can be used if acetic 
anhydride, acetic acid and methyl salicylate 
are added. Co, Mo and W interfere. 


Colorimetric Estimation of 
Vanadium by Tiron. B. Sarma. (J. Sei. Ind. 
Res., 1957, 16B, Dec., 569-570). ‘Tiron is 
sodium catecholdisulphonate, it can be used 
for Fe, Ti, Ce, Nb and U. It gives a bluish- 
violet complex with Oe gee nae Vv in 
weak acid solution, the interference of 
the above ions can be su f 

Micsoonsiytenl In 

Research. The Handling of 
in Metallurgical Investigations. W. Koch, 
H. Malissa, and D. Ditges. (Arch. Hisen- 
hit. 1957, 28, Dec., 785-794). A micro- 
manipulator is described that can also be 
used for mechanical and chemical studies. 


The taking of sam by drilling and the 
preparation of polished microsections are 
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described. The samples are divided by means 
of small needles, permanent and electro- 
magnets, or pincettes, mounted in the manipu- 
lator. Micro; samples are prepared with 
an electrically-heated platinum wire, using 
borax and sodium peroxide.—t. J. L. 

The Determination of Microgram and Sub- 
Microgram Amounts of Boron. I. Absorptio- 
metric tion U Curcumin. G. 8. 
Spicer and J. D. H. Strickland. (Anal. Chim. 
Acta, 1958, 18, Mar., 231-239). The method 
is Lemrenrat on: 4 intended for the examination 
of materials for nuclear piles. 

Complexometric Method for the Determina- 
tion of Calcium and Magnesium in Iron with 
the Use of bry oo > Materials. O. V. 
Datsenko Zavod. -» 1957, 238, (11). 
1296-1298). [In Russian]. In the method 
described the solution of the sample of iron 
ore is treated with citric acid at pH = 8, 
The — anions thereby produced, which 
contain the Fe and Al, pass P anwar a column 
of cation-exchange material while the Mg 
and Ca are retained. If Mn is present the 
solution is treated with 1% hydroxylamine 
hydrochloride to prevent oxidation. Results 
obtained for Kerch and two classes of Krivoi 
Rog ores and flue dust (1-16-6-64% Ca, 
0-98—4-38% Mg) obtained by this and the 
standard methods are compared.—s. K. 

The Determination of Trace Amounts of 
Lead and Bismuth in Cast Iron. R. C. Rooney. 
(Analyst, 1958, 88, Feb., 83-88). A solution 
in HC! is extracted with isobutyl acetate and 
then diethyldithiocarbamate complexes are 
extracted with CHCl, from ammoniacal 
tartrate-cyanide solution Cathode ray 
polarography then determines the two ele- 
ments simultaneously. Purification of re- 
agents is described. 

otometric Determination of Mag- 
nesium in Spheroidal Graphite Cast Iron by 
means of Eriochrome Black T. a . 
(Giesserei, Tech. Wiss., 1957, (17), July, 
939-941). The literature on this subject is 
first briefly reviewed (14 references). A 
photometric method for determining Mg in 
spheroidal graphite cast iron, is described, the 
content varying from 0-005% to 9.15%. 
The influence of impurity elements is a 
dealt with and the calibration of the apparatus 
described. Full details (including numerical 
examples) are given of the reagents used and 
the method of carrying out the analysis. 
Finally, the method is criticized and sources 
of error discussed.—R. J. w. 
of Tin and Tin 


Analysis ; 
. A. E. Knotowicz and 
(Plating, 1957, 44, June, 


602-606). 

An In of Conditions of Separation 
of Zine and from Aluminium and Iron 
Using Radioactive Atoms for the Control of 

Yu. V. Morachevskii and Z. 8. 
Bashun. (Izvest. Akad. Nauk. Otdelenie 
Khim., 1956, (10), 1185-1196). [In Russian]. 
Conditions under which complete separation 
of Zn and Co from Al and Fe can be obtained 
by the precipitation of the two latter metals 
with (1) NH,, (2) in the form of basic acetates 
and (3) pyridine was studied, using radio- 
active “ze and “Co. It was found that, with 
the first reagent, “ene separation of Zn 
and Co from Al and Fe is obtained only at 
pH 5-5-5-9 and in the — of at least 
5% of ammonium salt. e second method 
can be used only when Al is accompanied by 
a longer —— oe Precipitation of 
Fe an wi idine gives ve 
ration from i ond Conv. G. vabonsieg 
matography in the Separation 
of Ions. V. Separation of Third Group Metals. 
A. K. Majumdar and B. R. Singh. (Anal. 
Chim. Acta, 1958, 18, Mar., 224-225). 

The Separation of Difficultly Soluble Deposits 
from Highly Dilute Solutions. ©. Mahr and 
H. Klamberg. (Arch. Hisenhiit. 1957, 28, 
Dec., a A songs ooh ht on au gay 
circular iter chromatogra is 
described. The yor is based a the 
assumption that precipitation is prevented 
by brine formation and that flocculation is 
due to the electrical charge in the paper 
capillaries. Quantitative separation of the 
deposit occurs on small areas of a paper filter. 





J. V. Petrocelli. 


Microgram amounts of Fe, Co, Ni, Pb and 
Cd have been precipitated from concentrations 
down to 0-01 p.p.m.—t. J. 1. 

Recommended Methods for the Analysis of 
Trade Effluents Methods for the Determination 
of Phosphorus and Acid-soluble Sulphate. 
A.B.C.M.-8.A.C. Committee on Methods for 
the Analysis of Trade Effluents. (Analyst, 
1958, 88, Jan., 50-52). 

Designation of Shapes and Sizes of Pre- 
formed Graphite Electrodes. (Amer. Soc. 
Test. Mat. preprint, 1957, (55), 66-70). The 


electrodes are for spectrographic purposes. 
from a Single 


Spectral Analysis from orking 
Curve by the Method of Independent Evapora- 
tion in a Chlorine Atmosphere. I. M. Kustano- 
vich. (Zavods. Lab., 1957, 23, (11), 1332- 
1335). [In Russian]. The aim of the work 
described was to eliminate the influence of 
the structure and composition of the sample 
on the results of spectroscopic analysis. This 
was effected by converting the element always 
into the same molecular compound (chloride) 
with gaseous chlorine. The apparatus is 
described and test results with iron- and steel- 
making materials are given and discussed, 
=. sinters, ores, refractories, ferro- 
alloys. Errors for the main elements are given 
and it is stated that the method can be made 
more convenient at the expense of accuracy 
by using chlorine-evolving reagents instead 
of gaseous chlorine.—s. x. j 

gen Content of Mild and Ultra-Mild 

Steels. A. Decker. (Meeting in 

Belgium and Luxembourg, 1958, Liége, pre- 

print, pp. 4). Contents of various types of 

steel, (Kaldo, Rotor, L.D. and O.H.), are 
given and related to carbon content. 

Spectrophotometric Determination of Cobalt 
with isoNitroso-Dimedon. W. van den 
Bossche and J. Hoste. (Anal. Chim. Acta, 
1958, 18, June, 564-568). 

The Dete 
ese and V 

metry. x and L. Ciavatta. 
(Met. Ital., 1958, 50, Feb., 50-52). The 
determination of Cr, Mn and V in steel can be 
done automatically by coulometry by the 
electrolytic reduction of these elements at 
their state of maximum oxidation. A current 
100% efficient in the reduction process is 
obtained by using as electrolyte a solution of 
a ferric salt. The equivalence point is 
obtained by means of a rotating Pt micro- 
electrode polarized at + 1 V. The diffusion 
current, due to ferrous ions, stops the generat- 
ing current automatically by means of an 
electronic relay. The procedure described 
is applied to standard analytical methods of 
determination.—. D. J. B. 

The Absorptiometric Determination of 
Traces of Chromium in Nickel and Vanadium, 
of Vanadium in Chromium and of Nickel in 
Chromium and Vanadium. J. T. McAloren 
and G. F. Reynolds. (Metallurgia, 1958, 57, 
Jan., 52-56). Various separations and deter- 
minations are discussed comparatively. Re- 
sults obtained with recommended methods 
are discussed.—a. G. 

Rapid Determination Manganese in 
Ferromanganese and Tungsten Tool Steels. 
C. O. Ingamells and W.8. Bradshaw. (Chem.- 


Analyst., 1958, 47, Mar., 11-12). Perchloric 
acid oxidation and titration with ferrous 
ammonium sulphate is used. 


The of Molybdenum and 
Tungsten. IX. The Estimation o' n 
as Barium . Liang Shu-Chuan and 
Hsu Pao-Yun. (Acta Chim. Sinica, 1956, 
22, (2), 93-102). Precipitation should be 
made from boiling solution at pH 7-2-8-0 
with a large excess of BaCl, (0-8-2-8 milli- 
molar after precipitation). Ignition should 
be at 500-900°C, they apparently occlude 
several tenth milligrammes of water if dried 
at 105-150°. Exclusion of CO, is unnecessary. 
Of the alkali salts examined Na and NH 
acetates interfere least and KCl the most. 
X. On the Co tric ion of 
Molybdenum with Potassium : 
(3), 171-176). {In Chinese with English 
Summary]. Organic solvents for extraction 
of the complex are examined. Petroleum 
ether and toluene give a solution stable for 
at least 3 days, (benzene, 14 min. only). 
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Petroleum ether can be used only with very 
low Mo concentrations; 0-0-3 mg Mo obey 
Beer’s law in toluene. 

Dithizone as an Indicator for = oe 
EDTA Titration of Various Metals. A. Celse 
Costa. (Chem.-Analyst., 1958, 47, 


June, 
39-40). Ni and other metals can be 


deter- 


for Total- 
M, J. Taras, M. 
(J. Am. Water 


Chromium 
Lieber and W. A. Moore. 





Works Assoc., 1958, 50, June, 832-834). The 
permanganate- -azide thod is standardized 
for effiuent gee 

Determination Manganese Steels 
Containing Chromium and V. i I. M. 
Issa, M. Hamdy and A, El Hadidy. (Chem.- 
Analyst, 1958, 47, June, 44). 

Contribution to the EDTA Titration of Molyb- 
denum and . J. Kinnunen and B. 
Wennerstrand. (Chem.-Analyst, 1958, 47, 
June, 38). 


Colorimetric Determination of Molybdenum 
in the Presence of Mer- 
captoacetate Method. D. A. Otterson and 
J. W. Graab. (Anal. Chem., 1958, 30, July, 
1282-1284). Other interfering elements aro 
di d and thods for their elimination 





are given. 


Determination of Tin and Tin-Iron 


Alloy Weights on gage using the Kunze- 
Willey var) F. Cooke aa Cc. E. A. 
Shanahan. (Metallurgia, 1958, 57, June, 
321-326). 


Results from the Kunze-Willey 
method are in satisfactory agreement with 
those using chemical dissolution and weight 
loss provided a de-aerated electrolyte is used 
for precise work. The technique is ideal for 


examining differentially coated tin ag 
Determination of Traces of 
J. Migeon. (Chim. a 


Metals. 
1958, 40, Aug., 287-292). A separation with 
dithizone followed by polarography is des- 
cribed. - 
ire 


Determination of 
conium with Morin. H. Tima and N. Tietz. 
(Coll. Czechoslovak. Chem. Comm., 1958, 23, 
Jan., 142-145). [In ee). 

Determination of 


Using Acridine. S. 
Wakamaisu. — Kinzoku, 1957, 21, 
Apr., 213-217). [In Japanese}. A rapid, 


accurate gravimetric method has been deter- 
mined for estimating zinc in iron, steel and 
ores of Fe and Al. Acridine and ammonium 
thiocyanate are used to Rr Zn in the presence 
of Fell, Ni, Al, Cr, V1¥, Mn, Ca and Mg. 
With a slight change in procedure, Co and Mo 
can also be estimated.—x. &. J. 
Determination of Tungsten in 
Scheelite Ores and Mill Products. R. P. 
Hope. (Proc, Australasian 1.M.M., 
Mar., 51-64), SnCl,-NH,CNS is used. 
mi-Quantitative of Vana- 
dium in Soils ap 9 Ascending Paper Chro- 
matography. H. Agrinier. (Compt. Rend., 
1958, No. 19, 2761-2763). Vanadium is 
extracted by ammonia and H,O, and then 
develo with 8-hydroxyquinoline. Sensi- 
tivity is of the order of 1 p.p.m.—a. G. 
Steelworks 4 8 


y 
D. Manterfield. (Proc. Congress 
Modern A Chemistry in Industry, 
1957, St. Andrews, [1958], 34-42). Analysis 
of bricks is included. 

Metallurgical Absorptiometry and Spectro- 
photometry. E. C. Pigott. (Murex Rev., 
as 1, (18), 528-540). Photocells, photo- 
ric absorptiometry and available instru- 

aie are reviewed spectrophotometric high- 
precision absorptiometry, absorption micro- 
scopy, absorptiometric chromatography, emis- 
. sion absorptiometry and micro-absorptiometry 


are surveyed. 

Analysis by Means of the 
D.C. Carbon Arc, N. W. H. Addink. (Lab. 
N. V. Philip’s Gloeilamp. Separaat, 2419; 
Applied Spectroscopy, 1956, 10, (3), 128-137; 
from Spectrochimica Acta, 1955, 7, 45-59). 
Tables of empirically determined K-values 
are given for the constant temperature arc 


method. 

The Quantometer. L. Kidman. (HSC 
News, 1958, pean bev sp 10-13). The lay-out 
of an installati Sogn oe escription of the parts 


and a brief esonuns of its operation are given. 
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ABSTRACTS 


Spectrographic of the En- 
Elements in Surface layer of Steel. 
Determination of Tin an 
Are and a Feussner Spark as Light 


Source. 
* (Nippon Kinzoku, 1957, 21, Feb., 
117-121). [In Japanese]. Optimum con- 
ditions were established for analysing the tin 
content (0-02-30%) in the alloy layer. This 


wide range was divided into three ae rts, and 
discharge craters were kept small use of 
the high concentration gradient. In the 


range 0-02-0-4% Sn, an intermittent arc 
was used; above 3%, a Feussner spark. 


Spectrographic Some Ceramic 
Materials. J.F.Brown. (Trane. Brit.Ceram. 
Soc., 1958, 57, Apr., 218-231). Several 


methods are described including a solution 
technique. Methods for various impurities 
and for F are given. 

X-Ray Fluorescent Analysis of Hard Metal 
and of Carbides for Hard Metal Manufacture 
L. Peterson. (Jernkonts. Ann., 1958, 142, 
(4), 203-208). A method is described for the 
X-ray fluorescent analysis of hard metals 
and carbides, the samples being dissolved in 
HF-HNO, with the addition of tartaric acid; 
the analysing crystal was lithium fluoride. 
Ti, Ta, Nb, Zr, Co and Fe can be determined 
sag eae a rapidly.—t. D. H. 


Studies o Methods for Trace 
Elements in "Metals 


using Radioactive . 
I. Determination of Zirconium in Steel. H. 
Amano. (Nippon Kinzoku, 1957, 21, Apr., 
260-263). [In Japanese]. Several methods 
of analysis were investigated, “Zr being used 
as tracer. The best method was found to be 
that involving pptn. of zirconium phosphate 
after separation from iron by electrolysis 
using 2 mereury cathode. (17 references). 
. A. Hegarty. (Gas 
World, 1958, 148, Aug. 9, 236). Change over 
to natural firin, uired a control system 
which was install brief account is given 
with flow sheet of the sampler and analysing 
and recording units. 


Apparatus for Continuous Determination 
by Conductim of Traces of Carbon Mon- 
oxide in Gases. J. Waclawik. (Chim. Anal., 


1958, 40, July, 247-249). The CO is oxidized 
to CO, with I,0, which is absorbed in NaOH 
solution and the conductivity measured. 
eee regeneration of the solution is 


Deiaion <0 Magnesium in Nodular 
Cast Iron. J. Bernal Nievas and L. Serrano 
Berges. (Inst. Hierro Acero, 1957, 10, Oct- 
Dec., 389-401). Three methods are given. 
The first is a volumetric method based on the 
sleet of i iron _by electrolysis with a H 
the Mg as a methy j 
dioxinate ‘dissolving i it in hydrochloric ecld 
and back-titrating with KB The method 
is rapid. For greater accuracy, separation of 
Mn and the rest of the iron is pro 
(12 references). The second is an indirect 
colorimetric method. The methyl dioxinate 
precipitate is dissolved in acetic acid and an 
azo-colour develo with diazobenzene- 
-— — acid. The influence of pH, excess 

and lapsed time between diazotising 
and altalisntion was aleo studied. The third 
is a direct colorimetric method. Most of the 
iron is separated by electrolysis, the rest and 
the Mn are removed with ammonium per- 
sulphate. The colour is developed with 
Eriochrome T black in a 11-7 pH buffer 
lution and ts made on a Beck- 
man DU hotometer at 640 my. This 
method allows the use of | g samples with as 
little as 0°03% Mg.—r. s. 

Carmine: t for Boron. E. A. John- 
son and E. J. Newman. (Organic Chemical 
Reagents, Monograph No. 34, 1958, pp. 3). 

Determination of Acid-Soluble Aluminium 
in Steel. E. T. Saxer. (Blast Furn. Steel 
Plant, 1958, 46, May, 489-492). Methods 
of determining acid-soluble Al are first dis- 
cussed and then full details of a method 
developed by the author are described. Al 
is weighed as ph ate.—B. G. B. 

the Colorimetric Deter- 
mination of Aluminium. H. Green. (Metal- 
lurgia, 1958, 57, March, 157-158). In the 
method described aluminon is mixed with 
ferron in a strongly buffered solution. This 
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produces a true coloured complex over a 
wide range of Al concentration without any 
precipitation.—a. a. 
The Rapid Determination of Calcium and 
jum Contents in Ores and Slags. G. 
Graue and A. Zéhler. (*T' echnical Materials 
Testing Establishment of Hiittenwerk Phoenia 
A.-G.). The use of gg is described. 
Rapid Determination oy eee in 
Basic poe an ide a or the 
Acid Method. 8. Waka- 
= 1956, 5, (5), 264— 
267). 


Volumetric Determination of Sulphate in 
Solutions Containing Chromic Acid (Dead- 
Stop Titration). RK. Weiner and E. Ney. 
(Metalloberfliche, 1957, 11, Dec., 377-379). 
After reducing the chromic acid and buffering 
the solution with acetate, sulphate is precipi- 
tated with barium chromate, filtered off, and 
the chromate equivalent titrated iodometri- 
cally, using the ‘dead stop” method of indi- 
cating the end point.—t. D. H. 

Recomme for the Fy md 
of Trade bg ee Methods for 
mination of Residual Chlorine, Gvanide “y~ 
Thiocyanate, Fluoride, Formaldehyde and Sul- 
phite and Thiosulphate. A.B.C.M.-5.A.C. 
Committee on Methods for the Analysis of 
Trade Effluents. (Analyst, 1958, 88, Apr., 
230-241). 

The Use of Mono Gas Analysers. M. T. de 
Grandsaignes. (Mé. Constr. Mécan., 1958, 
90, Mar., 177~179). A description is given 
of this gas analyser which is an automatic 
type of Orsat analyser. The use of the equip- 
ment in foundries is discussed.—n. G. B. 

Some Observations on the Measurement 
of Spectral Line Intensities by a 


of the 
" (Metallurgia 1958, 57, March, 162- 
163). Experimental work on comparative 
line intensity measurements is reported and 
discussed.—a. G, 


eget Analyst., 


INDUSTRIAL USES AND 
APPLICATIONS 


Materials and Structures. 8. V. Gardner. 
(Inst. Gas. Eng. Publ., 522, 1958, May, pp. 
77). Materials for construction of all items 
of Ps plant are discussed, includi 

Special steels are briefly noted an 
tubular construction is discussed. 

Steel in British Railways 

. F. Ryan. (Rad, 
Steel Topics, 1958, 4, 8 a 4-12). 

Steel Fabrication Lighter than Aluminium. 
J. B. Teeter and R. Rohrberg. (Metalw. 
Prod., 1958, 102, May 30, 960-051), Anti- 
on nozzles for aircraft in stainless steel are 

Dy and 27% cheaper. 
The Metallurgy of Materials for Haulage 
Gear. R. Jeffrey and 
B. J. Nield. (Trans. Inst. Min. Eng., 1968, 
117, July, 705-719, discussion 719-722; 
Proc. 8. Wales Inst. Eng., 1958, 78, July, 
76-90; discussion, 90-93). Properties of 
wrought iron chains and the advantages of 
the use of steel are reviewed. The composi- 
tions and heat-treatments of steels are con- 
sidered and the effects of service conditions 
discussed. A Mn mild steel and other low 

alloy steels were finally selected. 
of Steels for Springs. H. J. 
Elmendorf. (Met. Prog., 1958, 78, Apr., 
80-84). Properties and heat treatments for 
various kinds of steel wire are shown and spring 
pro ies are related to design. Suitable 
choice of wire can be made from these values 
and heat treatment conditions can also be 

derived. 

Paper-Thin Steel Sheet Cuts Weight of 
Aircraft. (Mat. Design Eng., 1958, 47, 
April, 128~133). ign data are presented 
for structures in which corrugated stainless 
sheet 0-016-0-:001 in. thick is spot welded 
to a thicker skin. The applications of the 
combination in aircraft structures are given. 

P.H. Stainless for Hot Airframes. KR. W. 
White. (Met. Prog., 1958, 76, June, 74-78). 
The fabrication and heat treatment of precipi- 
tation hardening stainless steels used in air- 
craft parts subject to aerodynamic and engine 
heating are discussed. 
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332 BOOK NOTICES 


Construction of Railway Rolling Stock. Blowing Engine Dating from 1816. A. Iron Foundry. A. E. Grover. (Foundry, 
(Weld. Met. Fab., 1958, 26, Apr., 146-149). Schleicher. (Acta Techn., 1958, 20, (1-2), 1957, 85, Nov., 110-113; Dec., 94-97; 86, 
The Islington workshops of South Australian 137-142). [In English]. Corrections to Jan. 103-107; Feb. 89-91). 

Railways have recently raised production dimensions previously estimated for a ruined i 

levels by the extensive use of semi-automatic blast-furnace, since restored, are given and a i ico, M. Aramburu. 

submerged-are welding coupled with accurate plan of the blowing engine has been found. (Second Nat. Congress Iron and Steel Industry 
ing and scheduling. Details are given ice Wilkinson Ironmaster (1728-1808). {Mevico}, 1957, 43-59). 

of two recent production programmes, as . 8. Green. (Research, 1958, 11, July, First National Congress of the Iron and Steel 

examples of the use made of this type of . Ashort reagan Industry (Mexico), 1955. The Growth of the 

welding.—a. F. John Jordan, Man of Iron. M. W. Fish- Iron and Steel Industry in Mexico. M. G. 

Electrical Steels, How to Choose and Improve ick. (Iron Worker, 1957, 21, Autumn, 1-8). Aramburu. (85-91). Figures are given show- 

. B. A. Ruediger. (Steel, 1958, 142, An illustrated biography of an iron smelter img the production, consumption and import 

June 9, 116-121). Considerations governing in the Shenandoah valley. of iron and steel from 1939 to 1955. 

the choice of silicon steels for electrical pur- Hadfields of Sheffield. E. B. Thomas. National Panorama of the Iron and Steel 

poses are described. Commercialsilicon steels (Steel Rev., 1958, July, 36-44). Anillustrated Industry. P. G. Quintanilla (Second National 

are tabulated and various coatings are listed. _ historical account. Congress of the Iron and Steel Industry, 

Relation Be Manufactur- History of Richard Thomas & Baldwins [Merico}, 1957, 351-359). Figures are given 
ing and Iron and Steel Industries. K.Fernén- Ltd. (Met. Bull., 1958, — Special Issue, for Mexico. Ore reserves of 500 million tons 
dez Nifio. (First Nat. Congress Iron and Steel 27,29,31). W ith’ special reference to tinplate. (61% iron) are estimated. In 1955, coal 
Industry {Mexico}, 1955, 295-297). production was over 1-3 million t; in 1956 

The Use of Steel in the Construction of ECONOMICS AND STATISTICS pig iron production was 408,309 t, steel 
Cyclotrons and §: . durezyk. (Acier- 878,892 t. 
enthor ives @ short summary of the essential J: H. Thompson. (Min. J., 1958, May, (Ura Genrdiiadee dete Danette teat 

clotrons and synchrotrons, referri sea Review No., 30-41). A statistical ab asta OBIT, BSeccad Net. Conmes 
review. . A. G. Thomson. (33). fog ae , Ve. One 
Soaloned ly to the use of steel. Mild kill Manganese : Iron and Steel Industry [Mexico], 1957, 341- 
steel of low carbon content is employed iekel. (35, 37). Chromium. (37, 39). Cobalt. 346). Mainly output statistics. fe : 
(< 0 05%C) for the poles. Cu, Sn and As (39). , - Molybdenum, ’ 
should be absent.—x. P. -41). : - Niobium and sale nines 

The Atomic Age Throws a Challenge to Tantalum. R. b. Dunfield. (41). MISCELLANEOUS 
Steel. E. A. Livingstone. (Mé. Constr. Evolution and Outlook in the Italian Iron High Purity Manganese via Electrolysis. 
Mécan., 1958, 90, May, 361-369). Thespecial and Steel Industry. (Usine Nouwv., 1958, Feb., (Chem. Eng., 1958, 65, May 19, 136-139). A 
properties demanded of steels for use in the . Statistical. flow sheet with illustrations. The raw mater- 
— energy industry are discussed.—a. G. Cost Accounting Procedures—For the Grey ial is furnace slag. 

d Operation of Mining Supports of 
Stoel and L ight Metal. F.Spruth. (altickauf, 
1958, 94, Feb. 15, 280-292). BOOK NOTICES 


HISTORICAL 


The Earliest “Furnaces”. F. Evans. Bor, Werner. “Vom _ Brennstoff zum Brovucnron, H. H. “ Electric Cranes. A 
(Foundry Trade J., 1958, Apr. 24, 491). A Rauchgas,”’ Feuerungstechnisches Rechnen Manual on the Design, Construction, A ppli- 
hypothetical section of @ bloomery, with mit Brennstoffkenngréssen und seine Verein- cation and Operation of Electric Cranes.”’ 
notes on its operation and products, is given. fachung mit Mitteln der Statistik. 11} x 3rd _ edition, pp. 556. Illustrated. Lon- 

Round Oak Steel Works Centenary. (Metal- 84 in., pp. iv + 102. Illustrated. Leip- don, 1958: E. & F. Spon Ltd. (Price 
lurgia, 1958, 57, Jan., 33-35). Historical zig, 1957: B. G. Teubner Verlagsgesell- £7 10s.). 
development and present plant are described. schaft. The author in this third edition has 
Future plans include 2—50 ton electric melting This book is devoted to the straightfor- endeavoured to condense the whole variety 
furnaces, which will bring total Pei ingot ward calculations that commonly have to of machines that lift material under the 
ree oe to Papa tons.— * be done by the combustion engineer: air simple heading of ‘Cranes.’ This he has 

ith Century Iron te ote ‘ie 3 for combustion; the volume and composition done with wonderful effect. 

Harris. Poona: Trade J., 1958, 104, May of, and total heat in, flue gas; flame tempera- Chapter 1, for instance, emphasizes the 
15, 585). An account of the products of the ture; and so on. The author claims that large variety of machines that come under 
foundry of John Harvey at Hayle, founded his dimensionless coefficients, derived from this heading. The slight digression to 
about 1778. a ‘ statistical ’ evaluation of many analyses, winches and conveyors is useful. The 
are new, are characteristics of groups of technical side of the book is complete, but 
fuels, and give simple mathematical ex- because the minimum thicknesses usually 
K. Heymann. (Stahl Eisen, 1958, pressions. specified in the U.K. and the U.S.A. are 
78, June 26, 906-910). The author reviews Whereas the material at any point in the greater than those on the Continent, it is 
the results of various excavations in the Lahn-— book is simple, the fuel technologist who worth noting under ‘Factor of Safety ° 
Dill district. Extensive remainders of early wants to use it must have familiarized that very many structural and mechanical 
iron smelting were discovered near the village himself with what precedes, or will have to members are determined by minimum 
of Dietenhausen. A few miles to the north- do much searching back, since a reference limiting thicknesses or sizes which provide 
west of this village a number of smithies were list of the many symbols used, with defini- a much higher factor of safety than pure 

found which used Siegerland iron as was shown tions is conspicuously lacking. design warrants. 
by chemical analysis.—r. Gc. The book requires of the student that he There are, as there must be in such a 
ur and the Discovery of Malleable shall first have mastered the stoichiometry book, certain details that one may criticize. 
CastIron. H.Abrecht. (Schweizerische Bau- and routine of combustion calculations by For instance, referring to the anti-friction 
zeitung, 1957, 75, Oct. 12, pp. 3, reprint). conventional methods; he would then have bearings versus journal bearings in Chapter 
{In German]. Historical. to acquire the further technique of under- 14, the author ignores the very important 
Furnaces. K. J. Haycock. standing and applying the new procedures. fact that anti-friction bearings maintain 
(Brit. Steel, 1958, 24, Apr., 109). Brief details For the practitioner the value of the author's the correct gear centres, keeping gear wear 
are given of the construction and method of methods is most likely to appear in saving to a minimum. This, of course, is not 
operation of two early blast furnaces in Derby- time and effort when many calculations possible with journal bearings. In para. 
Eos. They date from 1780 and 1818 of the same kind have to be done for the 13 the author refers to ‘Track Rails, 
respectively .—«. F. same or similar fuels, and would then be Wheels and Trucks’; the rails indicated 
wersaries in Iron and Steel. M. revealed by assiduous comparative trials. are sound for crane use, but when it comes 
Schofield. (Edgar Allen News, 1958, 37, Aug., The fuel scientist may times find to joints and fastenings a conventional 
183-184). Notes on W. Kelly, Mushet and himself unwilling to trust the author’s flat bottom rail is indicated which makes 
Siemens. ‘ statistically’ derived coefficients. They this paragraph rather dangerous, because 

A Milestone in Ferrous Metallurgy. M. involve approximations and the neglecting such rails have been found, by experience, 
Schofield. (Jron Steel, 1958, 31, May, 173- of minor features. The author concedes not to have sufficient strength in the web 
174). About 250 years ago at the Coalbrook- that they do not always suffice for precise to withstand lateral surge, except in the 
dale ironworks, the elder Abraham Darby investigations. The word ‘statistically ’ case of machines with extremely low accei- 
was the first to use coal or coke in place of is misleading, for it means merely ‘ from eration on the cross traverse. His des- 
charcoal in iron smelti The author dis- the average of many analyses available cription of the important subject of electric 
cusses the importance pan $ implications of this to the author’; and the word ‘ dimension- eyuipment on cranes is extremely complete, 
step.—G. F. less’ does not have the esoteric connotation so much so that it could lead to some con- 

ventions and Discoveries of the 19th that mathematicians usually associate with fusion as to the choice of the correct 
Century [In Iron and Steel). G. Grenier. it. equipment for a given condition unless 
(Usine woh ogg 1958, Feb., 97-98). However, the book shows what can be one - knowledge on the subject. In para. 
Iron ustry. Ww. done in its field, and its treatment of the 26 certain minimum clearances for overhead 

Robins. "Baer Allen News, 1958, May, field is ene The author’s character- travelling cranes are given. These should 
111-112). istics might be as useful for classifying fuels be treated with care because the side clear- 

Data on the History of Metallurgy in Hun- as for Seles calculations. The book is ance, and more particularly the head- 
gary. VL Project for a Blast Furnace and very well produced.—R. A. Acton TayLor. room, is dependent upon the height of lift 
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in relation to the elevation of the crane rail. 
These comments are not intended to be 
critical of the author. It is inevitable that, 
in such @ monumental votume, there should 
be points that can be chosen at random for 
criticism. 

A very interesting and useful biblio- 
graphy is provided at the end of each chap- 
ter. This well-indexed book will un- 
doubtedly be for many years a standard 
work on the subject of the choice and 
design of hoisting machines under the 
heading of * Electric Cranes,’ and as such 
it ought to be in the library of every engin- 
eering firm.—R. BarTram. 

Compvustion Instrrure. “ Sizth Symposium 
(International) on Combustion.’ 10 x 7 in., 
pp. 943. Illustrated. London, 1957: Chap- 
man and Hall. (Price £11 4s.). 

This symposium was held at Yale, New 
Haven, Conn. in August 1956. It is made 
up of 37 papers on the structure and propa- 
gation of laminar flames, many of simple 
systems of theoretical interest only, 6 on 
the structure and propagation of turbulent 
flames, 8 on high speed reactions, 8 on 
flame stabilization in fast streams, 4 on 
instability in combustion chambers, 5 on 
ignition, 8 on the combustion of solid fuels, 
11 on the combustion of explosive and solid 

pellants, 9 on evaporation and com- 
ustion of droplets and sprays, 9 on experi- 
mental and analytical techniques in com- 
bustion, and 20 on applications of com- 
bustion. 

For the steel industry, and indeed for 
furnaces in general, there is little of direct 
interest, though the papers in the analytical 
section on pyrometry and similar topics 
might find some application. 

The last section refers mainly to rocket 
and gas turbine conditions and, oddly 
enough, to fire extinguishing. Neverthe- 
less such fundamental studies cannot but 
be valuable for the understanding of high 
temperature processes and especially for 
furnace design. Books of this type, 
excellent in themselves, raise in acute form 
the implied conflict between pure and 
applied science or between the scientist and 
the engineer (decided, apparently, in favour 
of the latter in the recent U.S. questionnaire 
of High School pupils !), presenting as they 
do authoritative and most important data 
in what is manifestly a border-line field for 
the industrial scientist to make use of if 
he can, but undoubtedly enlarging his 
understanding and stimulating his capacity 
for observation of the processes under his 
charge and failing, in simplicity and in their 
Boe assumptions rather than in com- 
plexity and intricacy of formulation, to be 
of direct reference to the industrial environ- 
ment. It appears to be at the root of the 
misunderstanding that the problems of the 
one and the solutions of the other should 
be too complicated for the two to meet on 
common ground. When scientists in different 
fields can no longer communicate with one 
another it is of paramount importance that 
they should be accessible to the applied 
scientific workers in their specialities, other- 
wise their work will be largely vain. 

“ Deep Drawing Steels. Proceedings of a 
Regional Meeting, March 18-19, 1957, 
Detroit.” Sponsors: Detroit Section, 
A.I.M.E., Detroit Section, National Open 
Hearth Steel Committee. I.M.D. Special 
Report Series No. 6. 11 x 8} in., pp. 93. 
Illustrated. New York, 1958: The Metal- 
lurgical Society of A.I.M.E. (Price $6.00). 

he twelve papers in this Symposium are 
divided into three rticular aspects: 
Process Metallurgy, Physical Metallurgy, 
and Fabrication. 

The section on 


Process Metallurgy 
thoroughly discusses capped steel, the effects 
of ingot structure, segregation and hot-strip 
mill practice upon the surface quality and 


mechanical properties of cold-reduced 
rimmed steel, the effects of hot rolling 
practice on the metallurgical structure of 
the strip and the relative advantages, both 
metallurgical and operational, of annealing 
in multiple or single stock coil furnaces. 
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Strain ageing is a major problem with 
deep-drawing steels and the section on 
Physical Metallurgy is mainly concerned 
with this subject, except for one paper on 
methods of analysis. The paper by Wert 
and Keefer neatly summarizes the role of 
internal friction methods in the study of 
the interstitial elements carbon and nitro- 
gen which play a leading role in ugeing. 
The use of internal friction to measure the 
solubility of these elemente and their 
diffusion rates in a-iron is extremely inter- 
esting. The authors have ably presented 
both past work and some interesting 
original results. 

Control of Strain Ageing in Steels— 
Theory and Practice, is a very brief sum- 
mary of the Cottrell-Bilby theory of the 
discontinuous yield point and the behaviour 
of interstitial carbon and nitrogen. The 
effect of ageing temperature and the need 
to tie-up nitrogen in order to produce a 
stabilized steel is briefly penniticnsd. Boron, 
vanadium, and aluminium are _nitride- 
forming elements used for this purpose. 

A third paper in this section deals with 
the roperties of rimmed, non-ageing 
vanadium-treated steel. Although the re- 
sults are original and have not been seen 
elsewhere by the reviewer, there is one 
severe criticism to be made of the author's 
criterion of ageing. The ageing index used 
consists of a measurement of the difference 
in tensile strength at room temperature 
and 400° F (204°C). The difference if 
positive is an indication of ageing. Non- 
ageing steels show a weaker tensile strength 
at the higher temperature and hence a 
negative index. There are two criticisms 
of this method: (a) 400° F (204°C) is too 
high a temperature for accelerated ageing 
as pointed out in the preceding paper, and 
(b) it is only confusing to introduce a new 
‘ageing index ’ concept when the classical 
Gensamer and Low ageing index has already 
been in use for so many years. 

In the third section on Fabrication, the 
three papers deal with the methods used to 
test deep-drawing sheet for its applicability 
to particular press shop use rather than 
with the actual fabrication. (Press shop, 
Metallurgy or Mechanical Testing might 
have been a more appropriate title). 

The production metallurgist from both 
steel sheet producer and consumer industries 
will find a great deal of meat within the 93 
pases. Although much of the information 

as already been published elsewhere, it is 
convenient to have all this experience 
together in one booklet. However, for 
its size and the magazine type of binding, it 
is rather expensive when compared with 
British standards.—S. GarBer. 


‘* Dislocations and Mechanical Properties of 


Crystals.” An International Conference 
held at Lake Placid, September 6-8, 1956. 
Editors: J. C. Fisher, W. G. Johnston, R. 
Thomson, T. Vreeland, jun. 9} x 6 in., 
p. xiv + 634. Illustrated. New York; 
mdon, 1957: John Wiley & Sons, Inc.; 
Chapman & Hall, Limited. (Price 120s.). 
is is the report of the proceedings of a 
small international invited conference 
sponsored by the General Electric Research 
Laboratory, Schenectady, and the U.S. 
Air Foree Office of Scientific Research, Air 
Research and Development Command. The 
topics discussed are classified into eight 
main sub-divisions: Direct observations 
of dislocations; Deformation of pure single 
crystals; Work hardening and recovery; 
Alloy crystals, impurities, yield point 
phenomena; Dislocation damping and 
fatigue; Theory of dislocations; Whiskers 
and thin crystals; Radiation damage. The 
42 papers are mostly reports by workers 
active in the different fields of recent experi- 
mental and theoretical advances, The 
most exciting developments are to be found 
in the first section which includes papers on 
the direct observation of dislocations by 
various methods of ‘decoration’, by chemical 
and thermal etching, and, in thin metal 
films, directly by the electron microscope. 
The book is indispensable reading for those 
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wishing to follow the rapid development 
of our understanding of the mechanical 
properties and imperfections in crystals. 
The full reports of the discussions which 
followed the presentation of the papers are 
a specially valuable feature. It is a pity 
that the price is such that the book is likely 
to be consulted mainly through the library. 

A few years ago it was still necessary to 
justify to many the attention paid to dislo- 
cation theory, even in fundamental studies 
of mechanical properties. Although such 
justification is now no longer required, 
and many ideas from the fundamental 
studies already advance our understanding 
of the complexities of metallurgical practice, 
readers of the Institute’s Journal will be 
most interested in those developments 
which promise further insight into the prob- 
lems associated with materials actually in 
use. Unquestionably, important develop- 
ments reported here are the demonstration 
of precipitation on dislocations in trans- 
parent crystals and the direct observation 
of dislocations in thin metallic films by 
means of the electron microscope. Already 
extended to films of stainless steel, and 
elaborated by the use of moire patterns, it 
is essential that the thin film studies should 
embrace as soon as possible other alloys 
and metallurgical phenomena. The thin 
film technique requires the best electron 
microscopes now available, and these 
instruments, combined with the latest 
replica techniques on bulk material, also 
make possible detailed studies of the 
complex precipitation phenomena in alloys 
of practical importance. It is to be hoped 
that as these instruments come into wider 
use, this work will be rapidly extended. 

B. A. Bruzy. 

Everpett, M. H. “ Fundamental Thermo- 
dynamics for Engineers.” General En- 
gineering Series. 8} x 5} in., PP. xii + 
201. Illustrated. London, 1958: The Eng- 
lish Universities Press Ltd. (Price 25s.). 

An attempt has been made (in this first 
volume of a series intended for engineering 
degree students) to provide the basic 
theory of thermodynamics in a fairly short 
and inexpensive book. A large number of 
students today have to study the funda- 
mental aspects of subjects which are closely 
related and essential to their main interest, 
but not central to it. Professor Christo- 
pherson, the General Editor of the series, 
makes this point in recommending the book 
as covering “all the Thermodynamics 
required ” for Civil or Electrical Engineers, 
although, naturally, mechanical engineers 
will have to read deeper and wider. 

Not everyone will accept the restricted 
view of the subject nor, as Professor Christo- 
pherson recognises, will all agree about 
what parts of Thermodynamics are import- 
ant, but within its defined field the book 
provides an adequate description of the 
meaning, scope, and use of the First and 
Second Laws of Thermodynamics and of 
the thermodynamic functions, internal 
energy, enthalpy and entropy. Each chap- 
ter concludes with a number of problems, 
many taken from examination papers, with 
numerical answers and finally, the principles 
laid down are applied to the problems of 
heat engines.——-M. L. P. 

“« The Gray Iron Castings Handbook, Including 
Data on Gray Ductile (Nodular), White and 
High Alloy Irons.” Edited by Charles F. 
Walton. 9%} x 6 in., pp. viii + 607. Illus- 
trated. Cleveland, 1958: Gray Iron Foun- 
ders’ Society Inc. 

This book, produced by the Gray Iron 
Founders’ Society, Inc., Cleveland, Ohio, 
is an example of the recent trend towards 
joint authorship by a group of experts 
rather than by a single author. 

As a protagonist for cast iron, the re- 
viewer must applaud the Society for their 
treatment of chapter 2 wherein the many 
advantages of grey-iron castings to the 
engineer are skilfully pointed out to the 
reader and perhaps the authors may be 
exeused for not directly mentioning many 
of the disadavantages. Useful data for 
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the design engineer and precise information 
for the purchasing officer are contained in 
chapters 3 and 4. Chapter 5 forms a 
larger part of the book and is divided into 
three parts. About 100 pages are devoted 
to the properties of cast iron and are treated 
in @ manner which will commend itself to 
the engineer. Useful tables and graphs 
from 253 leading papers published during 
the last 20 years form a very valuable 
collection of design data. Part II of this 
chapter gives a very well balanced account 
of the potentialities of ductile (nodular) 
iron and some indication of its present 
importance. In the latter part of chapter 
5 is introduced alloy cast irons and a short 
section on "enya irons, which perhaps may 
a pat to pr gong 2 ing in a book with this 
th ie. Cha on heat treatment deals 
mainly with heat treatment for stress relief, 
hardening and softening purposes. Weiding 
as applied to cast iron has often been re- 
garded as a last resort not to be attempted 
unless all hope of a ir by other methods 
has been abandoned. e authors of chapter 
7 show that this is not the modern view 
and as a result of the increased under- 
standing of the processes already in use, 
the employment of grey iron in welded 
assemblies is expanding. Chapter 8 deals 
with machining and grinding which com- 
monly constitute the major item of produc- 
tion costs even with castings, which are 
always nearer the finished shape than steel 
billets or forgi Tool wirements and 
machining s 8 are p on record for 
reference In the final chapter 
of 60 pages, methods of applying protective 
coatings are reviewed in fair detail including 
flame spray coatings of stainless steel, 
aluminium, hard facing materials, etc., on 
grey-iron rolls. Vitreous enamelling and 
the newer plastic finishes are perhaps rather 
inadequately treated. A glossary of tech- 
nical terms and a short index complete 
this outstanding book.—R. V. Ritey. 


Hmus, Goprrey W. ‘“ The Elements of 
Fuel T'echnology.”” 2nd cdition. 10 x 6 
in., pp. xvi + 476. Illustrated. London, 
ay Leonard Hill (Books) Ltd. (Price 

The first edition of this excellent book, 
which was published in 1947, met with 
such success that it was out of print by 
1952. In preparing the second edition, 
the author has kept generally to the original 
logical arrangement and has revised the 
text with the object of bringing it up-to- 
date. Though he has su ed in includ- 
ing important recent information in most 
of the chapters, there are in which 
later information might well have been 

ven. For example, the latest figures in 

able I for the outputs of coals and petro- 
leum for the world and for several coun- 
tries are for the year 1951. In Table III 
the latest figure for the proved reserves of 
petroleum is _ 7266 million tons, which 
was the well over ten years 
ago. 7 the end of 1955 the proved re- 
serves of petroleum were estimated at 26,000 
million tons and the figure now accepted 
is more than 30,000 million tons, the 
increases being due to the discovery of 
new reserves at a rate greater than that of 
production. 

More than two-thirds of the text is 
devoted to the origin, classification, and 
preparation of coals and to the utilization 
of coals for direct heating, steam raising, 
and the production of coke and various 
fuel gases. The th tical aspects and the 

‘tice are well described and illustrated. 
wo chapters are devoted entirely to 
liquid fuels and one chapter to g 
fuels and their combustion. The last 
er gree on domestic heating is particularly 
well balanced in relation to conditions in 
this country. 

Dr. Himus has produced one of the best 
text books in this field, of value not only 
to students but to all seriously in’ 
in fuels and their efficient utilization. 

A. PARKER 
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Jounson, Cant G., and Wui1am R. WEEKs. 


* Metallurgy.” Fourth Edition. 84 x 5} in. 
Pp. x + 454. Illustrated. Chicago, London, 
1957: American Technical Society; The 
Technical Press Ltd. (Price 46e.). 

This is a new edition of a general textbook 
on metallurgy which aims at providing an 
introduction to the subject, both for students 
and also for the practical man in industry. 
This new edition differs from the previous 
one mainly in the incorporation of a chapter 
on the special metals, titanium, zirconium, 
indium, and vanadium. 

Whilst publishers apparently still con- 
sider that there is a need for a general 
introductory textbook covering the whole 
field of metallurgy it is obviously becoming 
much more difficult to compress the material 
into the few hundred pages available. Each 
new book of this type therefore must be 
judged by the way in which it covers this 
wide field and perhaps also by the way in 
which it acts as an introduction to further 

ing. 

In this book the authors divide the subject 
into chemical and physical metallurgy and 
they rightly conclude that since more 
people are interested in the working and 
fabrication of metals the book should mainly 
deal with physical a Extraction 
processes are therefore dealt with in two 
chapters. However, physical metallurgy in 
so far as this covers the structure of metals 
and the theory of alloys is covered in a 
further two chapters leaving the remainder 
of the book to deal with the ‘ engineering 
SS of steel and non-ferrous alloys.” 

n fact, this would probably have been a 
more descriptive title for the book. 

There is a chapter on the testing of steel 
covering both mechanical testing and 
microscopical examination. There is also 
a chapter on the shape and forming of 
metals. After this, separate chapters deal 
with the structural metallurgy mechani- 
cal properties of bearing metals, aluminium 
magnesium, and copper alloys. Five chap- 
ters are then devoted to steel and one to 
cast iron. One chapter on powder metal- 
lurgy and the new chapter on the special 
metals complete this book. 

It often seems that there are too many 
—— introductory textbooks on metal- 
urgy and it becomes difficult to choose 
between them. This book covers a wide 
field quite effectively and therefore can be 
recommended. However, British readers 
should be warned that throughout the book 
the alloys and specifications referred to are 
American which limits its use as a reference 
book.—-K. J. Invuve. 


Pearson, W. B. “A Handbook of Lattice 


Spacings and Structures of Metals and 
Alloys.” International Series of Mono- 

phs on Metal Physics and Physical 
Metallurgy. Editor: G. V. Raynor. Volume 


London, New Y 
(Price £13 2s. 6d.). 
The need for a reference work containi 

information about the structures an 
lattice spacings of all binary and ternary 
alloys that have been examined has been 
widely felt by physicists, metallurgists 
and others concerned with alloys, and this 
first comprehensive compilation on the 
subject heuk fulfil their needs. The 
literature to the end of 1955 has been sur- 
veyed in full and the more accessible 
journals followed through 1956. In all there 
are about 6000 references. The accuracy 
of transcription is high. Where available, 
brief but penetrating comments are given 
on the constitution of the alloy systems 
(no equilibrium dia ), the purity and 
heat treatments of specimens. Informa- 
tion about X-ray techni is times 
given and sometimes not. Published data 
on the variation of parameters with tem- 
perature are included. Many parameter/ 
composition variations are _ illustrated 
graphically. These diagrams are clear and 
helpful though omission of ‘ weight’ in the 
i of the abscissa of Fig. 180 is 
regrettable. The unfortunate heading of 


4. 10x 6}in., re + 1044. Illustrated. 
ork, 


1958: Pergamon Press. 





Chapter XII, ‘ Alphabetical Index of Work 
on ides, Carbides, Hydrides, Nitrides 
and Binary Oxides’ would not lead one 
to seek here data on the primary solid 
solutions of boron, carbon, etc. in metels. 
This initial difficulty in use is aggravated 
because the alphabetical arrangement 
followed in part II (959 pages) is considered 
a good reason for this part to be given only 
an outline index. 4 

The first 174 pages of Part II gives 
atomic parameters and other information 
on the ‘Strukturbericht ’ types, and tabu- 
lates crystall phic data on elements and 
compounds classified alphabetically and 
by structure type. These tables outdate 
other compilations. 

Part I (72 pages) deals with units, the 
Debye-Scherrer method of parameter 
measurement and the lattice spacing 
method of determining phase boundaries. 
It summarizes various aspects of alloy 
theory, and discusses the relationship be- 
tween lattice spacings and certain physical 
properties of alloys. The wide interests 
and balanced viewpoint of the author are 
apparent but the elementary and the 
advanced, the experimental and the 
theoretical are intermingled. No discussion 
is given of X-ray spectrometer methods 
which are becoming widely used for para- 
meter determination. Much of the ground 
in the ‘ Theory of Alloys ’ Chapter is covered 
in The Structure of Metals and Alloys 
(Institute of Metals Monograph and Report 
Series No. 1, Third Edition 1954) by Hume- 
Rothery and Raynor. The chapter on 
the relationship of lattice spacings to mag- 
netic properties reads like a review article. 

e book is well produced and the 
binding should withstand extensive use. 
Despite the high price, though this is not 
extortionate, no metallurgical or metal 
physics library should be without it. 

P.C. L. Prem. 


Tépt, Frrrz. ‘“ Metallkorrosion. Allgemeines, 


Messung und Verhiitung.” 2 Auflage. 
7% x 5% in., pp. [viii] + 122. Illustrated. 
Berlin, 1958: Walter de Gruyter & Co. 
(Price DM. 16.20). 

Much of the loss in time and material 
due to corrosion could be avoided if de- 
signers, constructors and users of equipment 
had a greater awareness of the basic prin- 
ciples of the causes of corrosion and its 
prevention. There are many excellent 
texts for the corrosion engineer and the 
student of corrosion, but there is a real need 
for a short simple account of the main fea- 
tures of corrosion which would be of general 
use to engineers. This book goes far to 
fulfill that need. 

This book is a second edition of a book 
first published 15 years ago and not, to 
my knowledge, previously available in this 
country. It is divided into three main 
sections referred to in the title. The first 
general section deals with the practical 
importance of corrosion, the fundamental 

ignificance of corrosion and theoretical 
considerations, the forms in which corrosion 
appears, the recognition of the controlling 
factors, and the influence of time on the 
course of corrosion. This is done without 
the use of chemical or mat tical equa- 
tions which should help to popularize this 
book with ple whose knowledge in these 
subjects is limited. 

e second part deals with the measure- 
ment of corrosion and includes methods of 
testing in stagnant and moving liquids at 
room and elevated temperatures and testing 
in both natural and laboratory atmos- 
pheres. The various techniques used in 
assessing corrosion are enumerated. There 
exists a very wide variety of metals and 
environments and in many cases data is 
not available for the behaviour of a given 
combination, but much can be done by 
engineer or chemist to remedy this by 
means of relatively simple tests. This 
section should, therefore, of particular 
interest on this account. 

The third section comprising half the 
book, deals with corrosion prevention. 
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This is subdivided according to the different Despite its virtues, this book has its Dre.s, K., and LR. Jarcker. “ Leybold 
metals and alloys and hence the general weaknesses. Some of these are inherent Vakuum-T buch.” Pp. viii + 270. 
applicability and methods available for the in the nature of the subject. Research Illustrated. Pele. seg Springer-Ver- 

uction of corrosion of any particular work proceeds at such a pace that this lag. cag vO; 39.00 
material can be readily ascertained. book will need a companion volume in “ The Directory wonibioe ‘or Graduates 

The references are kept to a minimum only a few years time if the subject matter 1958" Bt " 8 : 5; in., pep. ? ne ae 
and are mostly to standard texts on cor- is to be kept up to date. Part of the 1958: Cornmarket (Price 
rosion. The presentation of the book is knowledge available has been thoroughly 8s. 6d.). 
very attractive and despite the obvious covered by published research work. In Erpcrenissiscun Trecuniscne HocuscHvU.e, 
compression required the style is very other areas, knowledge lies thin upon the ‘* Die Dissertationen der Hidgendssischen 
fluent and readable. However, like many ground. The book, therefore, in summariz- Technischen Hochschule in Ziirich, 1947- 
books these days, the price at about 30s. ing this, is bound to be ‘ bitty ’. 1956.”’ Schriftenriehe der Bibliothek Nr. 3. 
is rather high.—G. But.er. It is surprising to find such little emphasis 8} x 53 in., pp. 91. Ziirich, 1957: 

on the subject of the cutting tool material. Verlag mann AG, 

Tourrer, R. “ The ey vate af Metal- This is perhaps the most serious weakness Ersenxois, F, “‘ Hinfihrung in die Werk- 
Cutting Tools.” 10x 6fin., xii + of the book. There is little, if any, mention stoffkunde.”’ Band II, Mechanische 
184. Illustrated. London, loose " Butter- of ceramic, or cemented oxide as a cutting ne Metallischer Werkstoffe. 8 x 
worths Scientific Publications. (Price tool material. There are references to Ps 156. Illustrated. Berlin, 
£2 10s.). published work on the effects of tool 5 : VER Verlag Technik. 

This is the most comprehensive summary composition on performance. There does Fiscuer, Wimnetm Anton and ALFRED 
of published research work on metal not appear to be any indication of the Horrmann. Verhalten von Hisen- und 
cutting tools that has yet appeared. Not importance of grain-size to carbide cutting- Stahlschmelzen in Hochvakr ” (Forsch- 
the least of its virtues is a massive list of tool performance. The effect of tantalum ee des Wirtschafte- und Ver- 
references. Most of these are the sources carbide is only very briefly mentioned and kehrsministeriums Nordrhein- Westfalen, 
of the data from which the book is com- the effect of carbides of other metals appears No. 586). ay Bl x 9$ in., pp. 41. Ilus- 
piled. Reference to the original research to have had no mention at all. trated. Kéln und Opladen, 1958: West- 
work is therefore facilitated. This book should be on the shelf of every deutscher Verlag. 

This book is suited for those daily con- senior technician connected with the Tas Gaucr anp Toor Makers ny tee anne 
cerned with cutting tools who wish occasion- appropriate type of work. It has fulfilled or Great Brrrarm. “ Export ." 
ally to refresh their memory on the pub- a long felt want. It now needs to be fol- 4th edition. 8} x 5} in., 
lished research. To such this book is lowed by other books, just as authoritative, trated. London, 1958: The Ase Praca tom 
invaluable. It is clear and concise. Fur- translati published research work into Gavursnt, Rupotr.. “ Die Ober flachenspan- 
ther, its English is a delight to those who forms ym assimilated by serious students nung des Hiissigen Gusseisens und ihr 
believe that it is the duty of technicians just beginning to specialize in this, a most Einfluss auf die Graphitform.” (Doctoral 
to express themselves clearly. important field of knowledge.-L. Frye. Thesis] Prom. Nr. 2665. Eidgendssischen 

Technischen Hochschule, Ziirich. 8} x 
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» Grtrrer, Kurt. “ Zur Frage der Bildung von 

“The Air over Louisville.” Summary of a Brrrincer, R. “ Leifaden fiir Galvaniseur.’ kugelformigem Graphit im Gusseisen.” 
Joint Report by the Special Air Pollution Mitarbeit von H-W. Béhm. Das prak- {Doctoral thesis]. Prom. Nr. 2467. 
Study of Louisville and Jefferson County, tische Lehrbuch fiir Fachschule, Berufs- Eidgendssischen Technischen Hochschule, 
oer 1956-7. 11 x 8} in., pp. 57. schule, Werkstatt und Betrieb. 9 x 6} Ziirich. 11§ x 8} in., pp. 63. Illustrated. 
Illustrated. Cincinnati, 1958: “Depart in., pp. 427. Illustrated. Leipzig, 1957. Solothurn, 1957: Buchdruckerei Vogt- 
ment of Health. (Price DM,17,-). Schild AG. 

Americas [row anpd Sreex Iwnsrrrvure. Bracnerr, Tomas. “ Der Schwéiibische GuyruEer, Rupowr. “ Glass-Melting Tank 
“ Directory of Iron and Steel Works o; Eisenkunstguss: Ofen und gy tol Furnaces.” Translated from the German 
the United States and Canada.” 28 8vo, pp. 147. Illustrated, 1958, Marburg/ by John Currie with a foreword by 
edition. 8} x 6 in., pp. xvii + 510. Lahn: Elwert. (Price DM. 24.00). Emeritus Professor W. E. 8. Turner. 
New York, 1957: The Institute. (Price ‘“ British Chemical Plant.” 1957 edition. 8? x 54 in., pp. xiv + 232. Illustrated. 
$10.00). 11} X 8} in., pp. 402. Illustrated. Lon- Sheffield, 1958: Society of Glass Tech- 

** Anti-Corrosion Manual.” 1958 edition. don, 1957: ritish Chemical Plant nology. (Price 60s.). 

11} x 8} in., pp. xii + 260. Illustrated. Manufacturers’ Association. Hammonp, Rout. “ Separation and Purifica- 
London, 1958: Corrosion Prevention and Barrriso StanDARDS INsTITUTION. B.S. 310: tion of Materials.”’ Physical Processes 
Control. (Price 50s.). 1958. ‘‘ Blackheart Malleable Iron Cast- in the Chemical Industry Series. pp. 327. 

AMERICAN WeExpinc Society. “ The A.W.S. ings.’ 8} x 5}in., pp. 10. London, 1958: London, 1958: Heywood & Co., Ltd. 
Bibliographies.” A.W.S. A7.0-58. 11 x The Institution. “pee 4s.). (Price 50s.). 

— in., ; Oe. 168, not continuously pagi- Brrrise Sranparps Insrirvution, B.S. 2989: Hagwep, H. 8., and B. B. Owen. “ The 
ew York, 1958: The Society. 1958, ‘Continuously Hot-dipped Gal- Physical Chemi of Electrolytic — 
(Prine $5.00). vanized Plain Steel Sheet and Coil.’’ tions.”” Third edition. A.C.S. onograpt 
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Lake Bluff, ill., 1957: Minerals Publishing 
Company. (Price $5.00.) 

Satmon, Witttam H., and Eric N, Smons. 
‘“* Foundry Practice.” With illustrations 
by E. G. Gardner. 8} x 54 in., pp. x + 
374. Illustrated. London, 1957: Sir 
Isaac Pitman & Sons, Ltd. (Price 32s. 6d.) 

Saviout, Francesco. “Informazioni sui 
y+ gegee Collana tecnica A.I.M. 5. 

x 5% in., pp. 80. Illustrated. Milan, 

(ese): Associazione Italiana di Metallur- 

(Price: Members, L.600; non-Mem- 
bers, L.800). 

Scuetter, Herricnu. “ Hinfiihrung in die 
angewandte spektrochemische Analyse.” 
8vo. pp. 160. Illustrated. Berlin, 1958: 
Verlag Technik. (Price DM. 18.00). 

SCHNTRPEL, Max. ‘“‘ Aufgeschweisste Werk- 
zeugschneiden.”* Hochleistungswerk- 
zeuge mit SS-Schneiden. 8vo. pp. 100. 
Illustrated. Leipzig, 1956: Fachbuch- 
verlag. (Price DM. 7.80). 

“‘ Schweissen von Gusseisen.” Fachbuchreihe 
“ Schweisstechnik ” Band 4. 9 x 6} in., 
p. viii + 116. Illustrated. Diisseldorf; 
Tenusteisiole. 1958: Deutscher Verlag 
(DVS) GMBH; 

(Price DM. 


Trans- 


fir Schweisstechnik 
Friedrich Vieweg & Sohn. 
22.80). 

Szepiaczeo, Herserr. “ Walzwerke.” Mitarb. 
F. Fischer und M. Buch. 8vo, pp. 232. 
Illustrated. Berlin, 1958: (Sammlung 
Géschen, Bd. 580/580a). de Gruyter. 
(Price DM. 4.80). 

Srzsprat, Hans-Greorc. “ Parallelisierung 
von Mi nd und chemischer Ana- 


lyse fiir verschiedene Eisenerztypen unter 
besonderer Berucksichtigung der marin- 
sedimentéren Hisenerzlagerstitten. (2 
Vols.). 4to, pp. 101 and 199. Illustrated. 
Dr. Ing- Diss. Bergakademie Clausthal. 
Srepet, Erren. ‘‘ Handbuch der W erkstoff- 
priifu mg.’ 2. Aufiage. Erster Band: 
** Priif-und Messeinrichtungen.” Heraus- 
gegeben von Prof. Dr.-Ing. E. Siebel und 
Dipl.-Ing. N. Ludwig. Pp. xvi + 890. 
Tikastrated. Berlin, 1958: Snringer- -Ver- 
lag. (Price DM. 148.50). 

Srynort, M. J. “ The Solid State for Engi- 
neers.” 9 X 6 in., pp. xi + 522. Tlus- 
trated. New York, London, 1958: John 
Wiley & Sons, Inc., Chapman and Hall 
Ltd. (Price 100s.). 

“ Stainless Steel Fabrication.” 10% X 7} in., 
pp. [iii] + 384. Illustrated. lew York, 
1957: Allegheny Ludlum Steel Corpora- 
tion. 

“* Staveley Chemists’ Hand Book.” 5% X 3} in., 

pp. 200. Chesterfield, 1958: The Staveley 

fron & Chemical Co. Ltd. 
Story of Temperature 

11 x 8} in., pp. 20. Illustrated. 

1958: Negretti & Zambra Ltd. 

“The Structure of British Industry.” A 
Symposium edited by Duncan Burn. 
Volume 1. The National Institute of 
Economic and Social Research. Economic 
and Social Studies XV. 9 x 6} in., pp. 
xvii + 403. Volume 2. _ pp. xii + 499. 
Cambridge, 1958: The U niversity Press. 
(Price Vol. 1, 45s.; Vol. 2, 50s.) 

Trixcnam, T. C. E. “‘ Causes and Prevention 
of Corrosion in Aircraft. 8} 5} in., pp. 
vi + 124, Illustrated. London, 1958: 
Sir Isaac Pitman and Sons, Ltd. (Price 
25e.). 

U.S. Army Enciveer Resrarcn anp De- 
VELOPMENT LABORATORIES. “‘ Conference 
on Welding Engineering 29 April-1 May 
1957.”" 10} x 8 in., pp. vii + 467. 
Illustrated. Fort Belvoir [1957]: U.S.A. 
E.R.D.L. 


Vererms DeutscHer EIsENHUTTENLEUTE. 
“* Stahleisen-Worterbuch Deutsch-Englisch, 
Englisch-Deutsch. Iron and Steel Diction- 
ary. German-English, English-German.” 
In collaboration with The [ron and Steel 
Institute. 5§ x 3f in., pp. 265 [+ 4]. 
Diisseldorf, 1958: Verlag Stahleisen MBH. 
(Price: Members DM. 11.25; non-Members 
DM. 12.50 or 21s.). 

Vereins DeutscHeR EIsENHUTTENLEUTE. 
‘“* Untersuchung des Einfluss von Ober- 
flichenfehlen auf die Dauerhaltbarkeit 
von Kurbelwellen.”’ Erstattet von A. Th. 
Wuppermann, M. Pfender, E. Amedick. 
11} x 8}in., pp. 48. Illustrated. Diissel- 
dorf, 1958: Verlag Stahleisen M.B.H. 
(Price DM. 10.00). 

“ Vyjzkumné prace z oboru Zellza a Oceli.”’ 
(Sbornik praci vyzkumnych istava MHD). 
0% x Ki in., pp. 225. Illustrated. Prague. 
1958: -L. 

WEVER, Pease: WERNER Luss, and Pau. 
Funke jr. “ Versuche an einer hydrau- 
lischen 25-t-Stangenziehbank.” (Forsch- 
ungsberichte des Wirtschafts- und Verk- 
ehrsministeriums Nordrhein- Westfalen. 
Nr. 473). 4to, pp. 22. Mlustrated. Kéin, 
1957: Westdeutscher Verlag. (Price 
DM. 8.95). 

** Where to buy in Belgium and in the Belgian 
Congo and Ruanda-Urundi.” 10th 
edition. 10} x 8 in., pp. 148. London, 
1958: Belgian Chamber of Commerce in 
Great Britain (Inc.). 

Wipmer, Roserr. “‘ Untersuchungen iiber den 
kriechmechanismus von grobkérnigem 15/15 
Chrom-Nickel-Stahl.” [Doctoral thesis] 
Prom. Nr. 2647. Eidgenéssischen Tech- 
nischen Hochschule, Ziirich. 11} x 8} 
in., pp. 82. Illustrated. Berne, 1957: 
Arnaud Druck. 

Zuszant, G. “I gas nei Metalli.” Collana 
teenica A.I.M. 1. 8} x 5} in., pp. 82 
Illustrated. Milan. [1951]; Associazione 
Italiana di Metallurgia. (Price: Members, 
L.400; non-Members L.500). 


Measurement.” 
London, 
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A Hudswell Clarke 204 B.H.P. 0-4-0 Type It is fitted with a Gardner 8L3 Diesel 
Diesel Locomotive working in the Ivor Engine, a Vulcan-Sinclair Scoop 
Works, Dowlais, Glamorgan of Messrs. Control Fluid Coupling and a 3 speed 
Guest Keen Iron and Steel Co. Ltd. “*$.$.S. Powerflow’’ Gearbox. 


BRITISH ENGINEERING AT ITS BEST 





HUDSWELL, GLARKE& CO. LTD. 


pioneers Jor nearly 100 years 


DESIGNERS AND BUILDERS OF ALL TYPES OF STEAM, DIESEL, ELECTRIC AND BATTERY LOCOMOTIVES 









Locomotive Engineers, Railway Foundry, Leeds 10 Telephone: 34771 (6 lines) Cables: Loco, Leeds 
LONDON OFFICE: 1/20/122 Victoria Street, S.W.!. 
Telephone: ViCtoria 6786 Telegrams : Hudclar, Sowest, London. Cables : Hudclar, London. 
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GUEST 
KEEN 


IRON & STEEL COMPANY LIMITED, 


EAST MOORS, CARDIFF. 


TELEPHONE : CARDIFF 3315! 
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VACUUM FURNACES 


November, 1958 


(Top) 
Vacuum melting Telcon “‘ Mumetal ’’ magnetic materials. 


By courtesy of the Telegraph Construction and Maintenance Co. Ltd. 


(Below) 


Efco-Edwards RH40 resistance heated high vacuum brazing 
furnace. The “ swan-neck’’ connection was designed to overcome 
site difficulties. 


By courtesy of joseph Lucas Ltd. 


Lack of purity... 


. in high duty metals may well result in 
strong outbursts from victims of such faulty 
materials which could have been avoided 

by the use of ““ VACUUM-METALS” and the 
EFCO-EDWARDS range of HIGH VACUUM 
FURNACES which produce super-ciean, 
superior steels and alloys in any quantity with 
amazing high-temperature, high-stress 


resistance properties. 


High vacuum furnaces in a range of capacities 
to meet every industrial requirement are 
available for MELTING ... CASTING... 
ANNEALING . . . HEAT-TREATMENT .. . 
VACUUM BRAZING. 


EFCO- EDWARDS 


VACUUM METALLURGY LTD. 


Netherby, 161 Queens Road, 
Wey)ridge, Surrey. 
Weybridge 3891. 


Manor Royal, 
Crawley, Sussex. 
Crawley | 500. 





STEPHENS’ 


Super Grade Low Alumina 


Silica Brick 


FINE SILICA CEMENT FOR 
“SETTING SILICA BRICK 


STIGNIC CEMENT FOR BASIC 


STEEL LADLES 


KILN CAPACITY OVER 
li MILLION BRICKS e 


SPECIAL FIRE CEMENTS for all 
purposes 


STEPHENS’ SPECIAL ELECTRIC 
FURNACE ROOF BRICKS 


REGENN BRICK without doubt the best 
Brick for Soaking Pits, Checkers, and 
Regenerator Chamber Walls 


Stephens SILICA BRICK CO., LTD. 
KIDWELLY 


Telegrams:—STEPHENS, KIDWELLY, Codes:—ABC 4th & 5th Editions 


Liebers & Marconi 
Telephone:—KIDWELLY No. | 
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every 
year 
this 
tippler 
feeds 


over 
3 million 


tons 


of iron ore 





to 7i miles of belt conveyors 
at the Seraphim plant of 

the Appleby-Frodingham 
Steel 


Company 


Branch of the United Stee! 
Companies Limited. 












This complete ore-handling plant was commissioned 
in 1954 and is typical of many materials handling 
systems which have been installed all over the world. 


DESIGNERS AND MANUFACTURERS OF COMPLETE MATERIALS HANDLING PLANT 





Fraser & Chalmers Engineering Works : Erith: Kent : England 


MH 236A 
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“Let’s tackle this problem once and for all’’ 
SAID THE CHAIRMAN 


“ We're agreed ‘ clean air’ is here to 
stay but is this the best way to 
achieve it? ” 


“It's not the cheapest—in terms of 
initial cost at any rate.” 


“ But can we afford to settle for any- 
thing cheaper? ” 


“ Afford to? I don't quite follow 
you.” 


“TI am thinking in terms of power 
costs, running costs and so on. 

You know how maintenance and 
repairs can run away with the 
money.” 


“It still seems a high price to pay.” 


“Not for long years of trouble-free 
running. I suggest, gentlemen, that 
we tackle our ‘clean air’ problem 
once and for all with electro- 
precipitation—by Simon-Carves of 
course.” 


High efficiency electro-precipitation by Simon-Carves Ltd 


STOCKPORT, ENGLAND 
OVERSEAS COMPANIES | Simon-Carves (Africa) (Pty) Ltd : Johannesburg Simon-Carves (Australia) Pty Ltd : Botany, N.S.W. 
$C.201 











Al | COMPLETED LININGS TO 








il 50 BLAST FURNACES 


pie 


96 HOT BLAST STOVES 


51 STEEL MELTING 
FURNACES 











es BRICKS LAID YEARLY — I2 MILLION 
tcl NS aman STAFF — 80 FURNACE BRICKLAYERS 


TATTERSALL 


REFRACTORY CONTRACTORS 


137, SOUTHFIELD ROAD MIDDLESBROUGH. 
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Electronic 
Air Filters 
for the 

ron & Steel 
Industry 


A Trion Electronic Air Filter installation cleaning the 
cooling air supplied to electrical equipment ina 
strip mill at the Hawarden Bridge Steelworks of 
Messrs. John Summers & Sons Ltd. The lower 
illustration shows the inlet face of the filter. 


The extremely high efficiency of the Trion 
Electronic Air Filter, 90% Photometric Basis (99.5 % 
on a weight basis), makes it eminently suitable 
for a wide variety of applications in the Iron and 
Steel Industry. It ensures that electric motors, 
switchgear and sensitive instruments are given 
adequate protection against the troublesome 
mass of small particles which can be the major 
cause of expensive breakdowns. 


This extremely high efficiency does not mean 
that the Trion Electronic Air Filter is more 
expensive than other types of filter having much 
lower efficiencies. The initial cost is attractive, 
maintenance costs are negligible, expensive 
replacements unnecessary and power 
consumption exceptionally low. 


Industrial Applications : For full details please write for publication No. 67/24 


w. C. HOLMES & Co. LTD. 


Gas Cleaning Division, TURNBRIDGE, HUDDERSFIELD 


Telephones: Huddersfield 5280 - London: Victoria 9971 - Birmingham: Midiand 6830 
Commercial Applications: 
Harris Engineering Co. Ltd., York Works, Browning Street, London, S.E.17 
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Hunslet tocomorives 


for heavy industrial use 


Our standard range of heavy 
366 or 562 H.P. 44 ton diesel duty diesel locomotives 
hydraulic locomotive. includes a wide variety of sizes 
and types incorporating 
Hunslet patent hydraulic trans- 
mission. The 44 ton 2-speed 
hydraulic locomotive is just 
one example of what we can 
offer in the medium/high power 
range. It is A QUALITY 
LOCOMOTIVE={the class of 
locomotive which is designed 








and built to give a lifetime 








of trouble-free service. 


THE HUNSLET ENGINE CO. LTD. LEEDS 10 
LONDON OFFICE: LOCOMOTIVE HOUSE, 30:34 BUCKINGHAM GATE, WESTMINSTER, S.W. | 





Mr. H. F. SPENCER — Managing Director of 
RICHARD THOMAS & BALDWINS LIMITED 
writes :— 
“Although we have our own fuel engineering department 
occasions arise when we could do with additional qualified 
staff. A Regular Service Agreement with N-I-F-E-S provides 
us with a call on fully trained reserves. 


In my opinion no business is too big or too small to benefit 


f 


CALL IN N-I-F-E-S—INDUSTRY’S OWN NON-PROFIT-MAKING SERVICE FOR 
ADVICE ON THE EFFICIENT USE OF ALL FUELS, HEAT AND POWER. 


For address of nearest Area Engineer write to:— 


Py . r .. FF . B , RS] National Industrial Fuel Efficiency Service 


Head Office: 71 GROSVENOR STREET LONDON WI .- Telephone: Hyde Park 9706 


from a similar arrangement.” 








JOURNAL OF THE IRON AND STEEL INSTITUTE 



















A BIG BITE 


out of 
METAL 
HANDLING 
COSTS! 


LIFTING MAGNETS 


The amazing power of IGRANIC magnets means 
quicker lifts, bigger loads on all ferrous-metal 
handling jobs from scrap turnings to steel slab, 


AN IGRANIC MAGNET FOR EVERY LIFTING JOB 


CIRCULAR LIFTING MAGNETS girders to coiled strip. The 77” supermagnet— 
biggest in the world—will lift up to 110,000 Ib. 








24” Light duty model (slabs up to 6,500 Ib.) slabs with ease! Where else can you find such 
39” General service (slabs up to 12,000 Ib.) : 

45” Locomotive crane type (slabs up to 35,000 Ib.) strength—such long life too? For IGRANIC 
55” General heavy duty (slabs up to 47,500 Ib.) magnets have many exclusive features for extra 
65” Large tonnage model (slabs up to 60,000 Ib.) toughness, trouble-free service. Moisture prob- 
77” Supermagnet for extra high tonnages (slabs up to 110,000 Ib.) lems are out—for IGRANIC magnets are 





waterproof, with a one-piece monolithic coil and 
double-sealed terminal boxes. Anti-wear devices 
RI 24” long For the efficient handling prolong lifting chain life too and all parts are 
R2 40° long of regu’ar shapes in iron ruggedly made to resist rough handling and high 


RECTANGULAR LIFTING MAGNETS 

















R3 54” long and steel including sheets, 

R4 76” long bars, billets, ingots, pipes, etc. temperatures. 

Also Multi-polar coil-lifting magnets and plate-lifting magnets IGRANIC LIFTING MAGNETS 

for fork lift trucks. First for metal handling for over 40 years 





IGRANIC 


ELECTRIC COMPANY LIMITED 


HEAD OFFICE AND WORKS: BEDFORD ENGLAND 
LONDON AND EXPORT OFFICES: VICTORIA STATION HOUSE 19! VICTORIA STREET LONDON SWI 


My A Metal industries Group Company 


DISTRICT OFFICES: BIRMINGHAM BRISTOL CARDIFF EAST ANGLIA GLASGOW LEEDS MANCHESTER NEWCASTLE SHEFFIELD 
P.2215/1G/95 
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NEW PRODUCTS NOW MANUFACTURED IN U.K. 


( ORT-finney 


HIGH PRESSURE AUTOMATIC 
BUTTERFLY VALVES WATER STRAINERS 


3” to 72” BORE 50-125 Ibs. 2’ TO 48” BORE 50 GPM— 
WORKING PRESSURES 80,000 GPM. 


Positive bubble-tight shut- 
off. Natural or synthetic 
rubber seating. Manual or 
automatic operation. 
Water, oil or gas. 


Straining media are automatically 
cleaned and can be changed very 
quickly without dismantling the 
unit. Can be used on the suction 
or delivery side of a pump. 
Greater variety of straining media 
-Ol--125. Stainless steel mesh, 
We are pleased to announce that these valves ‘and Gemed cates, porenteth Gam, otc, 
strainers are now being produced under licence from Suitable for pressures up to 75 
Messrs. S. P. Kinney Inc. = Pennsylvania, the well-known Ibs. p.s.i. W.P. Lower initial cost, lower power consumption, 


blast furnace jalists— 
me : _— BY lower maintenance costs. 


ROBERT CORT.X% SON LTD 


MECHANICAL HANDLING ENGINEERS — IRON FOUNDERS — VALVE MANUFACTURERS 











READING . ENGLAND - Telephone READING 55046 (5 lines) . Telegrams “CORTS READING” 


WEB 
THE BURN ee 


FIRECLAY CO., LTD. 
76 JESMOND RD. NEWCASTLE-ON-TYNE 2 


Manufacturers of 


THE ‘AXE’ RANGE 
z= OF REFRACTORIES as 








Freyn and McKee 


checkers supplied by 
THE BURN FIRECLAY 
CO. LTD., for the most 


modern installations 


in leading Iron and 
Steel Works. 


(By courtesy of Messrs. (By courtesy of Messrs. 
Ashmore, Benson, Pease & Co.) Head, Wrightson & Co. Ltd.) 


Write for particulars and technical data 
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Electrofilters 


of all kinds for use in the 
iron and steel industry 


BLAST FURNACE GAS CLEANING PLANT WITH A TOTAL CAPACITY 
EXCEEDING 200,000,000 CU. FEET/HOUR 
HAS BEEN SUPPLIED TO OR IS ON ORDER FROM 


ACIERIES ET MINIERES DE LA SAMBRE 
APPLEBY-FRODINGHAM STEEL CoO. LTD. 
BAIRDS AND SCOTTISH STEEL LTD. 
CONSETT IRON COMPANY LTD. 

DARWEN AND MOSTYN IRON CO. LTD. 
DORMAN LONG AND COMPANY LTD. 
GUEST KEEN IRON AND STEEL CO. LTD. 
INDIAN IRON AND STEEL CO. LTD. 

JOHN LYSAGHTS LIMITED. 

LANCASHIRE STEEL CORPORATION LTD. 
PARK GATE IRON AND STEEL CO. LTD. 
RICHARD THOMAS AND BALDWINS LTD. 
SHEEPBRIDGE COMPANY LTD. 

SHELTON IRON STEEL & COAL CO. LTD. 
SOCIETE ANONYME COCKERILL-OUGREE 
SOCIETE METALLURGIQUE DE KNUTANGE 
SOUTH AFRICAN IRON & STEEL CORP. LTD. 
STANTON IRONWORKS COMPANY LTD. 
STEEL COMPANY OF WALES LTD. 
STEWARTS AND LLOYDS LTD. 

TATA IRON AND STEEL COMPANY LTD. 


ELECTROSTATIC PRECIPITATION AND ITS SPECIAL APPLICATION TO BLAST FURNACE 
GAS CLEANING WERE PIONEERED BY 


Lodge- ‘Cottrell 


LODGE-COTTRELL LTD., GEORGE STREET PARADE, BIRMINGHAM 3. Tel: Central 77/4 (5 lines) 


OVERSEAS AGENTS: 

Continental Europe: Léon Bailly, Ingénieur Conseil, Avenue des Sorbiers, Anseremme-Dinant, Belgium. 
South Africa: Branch Office 76, Magor House, 74 Fox Street, Johannesburg 

Australia: F.S. Wright, 465 Collins Street, Melbourne, Australia. 


R/LC/29/P.133 


@ 
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Refractories 


for the 
Iron and Steel Industry 


BAIRDS 


AND 


SCOTTISH 
STEEL 


LIMITED 


PIG IRON 
Foundry, Forge, Hema- 
tite, Basic “‘Gartsherrie” 
and “Eglinton” Brands. 
All Machine Cast. 


COKE NUTS 


Industrial & Domestic. 


LIME AND 
LIMESTONE 


Agricultural & Industrial. 


CEMENT 


“Caledonian” Brand 
Portland Cement. 


Blast furnaces, Coke 
Ovens and Cement Works 
at GARTSHERRIE, 
COATBRIDGE. 
SALES OFFICE : 
168 West George Street, 
Glasgow. 





STEEL Open Hearth Process. Blooms, 
Slabs, Billets, and Sheet Bars; 
Light Rails and Rolling Stock 
Sections ; Bars, Hoops and Strips, 
Reeled Bars; Splayed Coopers 
and Baling Hoops. 


WROUGHT Bars, Angles, Tees, Channels, 
IRON Etc. Horse Shoeing Bars, 
Tyre Bars. 


Steel Works and Rolling Mills at ee 
COATBRIDGE & AIRDRIE Pearson consistent quality refractories 


; are available in standard brick sizes in a 
SALES OFFICE : +f 4 wide range of materials. Special shapes of 
46 North Hanover Street, all types also made to order. 
Glasgow. Send for full technical information and 
prices. 


FIRECLAY, HIGH ALUMINA, SILLIMANITE AND SILICON CARBIDE 

BRICKS AND SPECIAL SHAPES. INSULATING BRICKS AND CON- 

CRETE. PLASTICJOINTING AND PROTECTIVE CEMENTS 
REFRACTORY CONCRETE AND RAMMING COMPOUNDS. 


E. J. & J. PEARSON LIMITED 
FIREBRICK WORKS, STOURBRIDGE 


Telephone: Brierley Hill 7201 
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I, Dismantling 

2. Structural Steelwork 

3. Stee] Stockholding 

4. Cement 

5. Iron & Stee] Scrap 

6 Wagon Building & Repairs 
7. Machinery 

8. Rails & Sidings 

9. Contractors’ Plant ~ 





Hh} i 
to HH | . 
NNN 


‘Ui 
= : 


Wi 


10. Tractors 

Il. Road Surfacing Materials 
12. Power Plant & Pumps 
13. Industria] Plant 


Other Ward activities include:. 
Shipbr caking 

Materials Handling Equipmen 
Factory Planning & Installation 
Foundry Plant & Supplies 

Insulating Materials 

Food Preparing Machinery 


LET’S TURN 
THE QUESTION 
OVER 


—and we come to hooks, and from 
hooks to cranes, and of course 

from cranes to Heywoods. Heywood 
Cranes have a world wide reputation 
based on long and arduous service 
under the widest range of duties. 

If you have any questions relating to 
lifting—why not turn them over to us? 


PRAUEL TT ON EMO, EAN SAE TES IR RII! MON EME MEANS 


HIYWOOD 


acers in [ =6CRANES = 


FRE ie ON SA RR ROG 9 ET 8 ER UREN 


S. H. HEYWOOD & CO. LTD: REDDISH - STOCKPORT 
Telephone: Heaton Moor 2264. Grams: ‘Cranes’ Reddish, Stockport 


LONDON OFFICE: 44/45 Tower Hill, London E.C.3. Telephone: ROYal 1461. Telegrams: ‘Morimil’, Ald, London. 
dm SH 73 














Structural Steelwork 
Colliery Arches 
Forging Blooms 
Sections 
Joists 

Slabs 


Works and 

Head Office :— 
FLEMINGTON 
MOTHERWELL 


Phone: - Motherwell 347 
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IMPORTANT 
DEMINERALISATION 
PLANTS 





William Boby & Co. Ltd. have been entrusted 
with the execution of the demineralisation water 
treatment plants at : 


CHEMSTRAND LTD., N. Ireland 


(Main Contractors : Messrs. Constructors John Brown) 


For their new ‘ACRILAN’ factory at Coleraine, N. Ireland, Messrs. Chemstrand have 
installed a 10,000 galls./hr. ‘Boby’ demineralisation plant for process and boiler feed water. 


The plant comprises the following sections : 


Coagulation and Settlement — Filtration — Cation Exchange — Weakly basic Anion 
Exchange — Degassing — Mixed Bed Ion Exchange. 


VEITSILUOTO 0/Y, 
Finland WATER 


The Veitsiluoto paper mills of Finland have installed 
a 13,400 galls/hr. ‘Boby’ demineralisation water treatment 
plant for feed water for boiler working at 1,750 p.s.i. 

The plant comprises the following sections : 
Coagulation and Settlement —Filtration— Cation Exchange 
—Weakly basic Anion Exchange — Strongly basic Anion TR E AT M E N a9 
Exchange. 

Established in 1875 


WILLIAM BOBY & CO. LTD. 


RICKMANSWORTH, HERTFORDSHIRE, ENGLAND. Telephone: Rickmansworth 4251* 
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SEPARATE 
SELF-CHECKING 
CONTROL & 
METERING 
FUNCTIONS — 





distinguish ELECTROFLO REGULATORS for 
all blast furnace and steelworks control 


installations. 


Their measuring elements operate independently of 
the instruments provided for the measurement 
of the controlled conditions, e.g., gas flow and 


pressure. 


Therefore, their performance remains unaffected by the 
behaviour of the instruments and, conversely, the latter 
provide an independent check on the efficiency of control 


exercised by the regulators. 
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